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PREFACE 


This  document,  Volume  XXXfX  of  the  Quail f ication  Test  Report, 
Vibration  and  Mission  Simulation  Testing  on  Engine  828,  XF107-WR- 
400  Cruise  Missile  Engine,  is  one  of  several  reports  that  will  be 
submitted  under  CDRL  95,  Contract  N00019-78-C-0206 ,  describing  the 
results  of  the  Qualification  Tests.  Volumes  I  through  XV  will 
cover  the  Phase  I  engine  quail fication.  EMI/EMC  and  Nonoperating 
Shockloads,  both  for  the  F107-WR-400  engine,  will  be  covered  in 
Volumes  XVI  and  XVII.  Component  Qualification  Tests  will  be  discus¬ 
sed  in  Volumes  XVIII  through  XXVI.  Structural  Qualification  re¬ 
sults  will  be  presented  in  Volumes  XXVII  through  XXX.  Volumes  XXXI 
through  XL  will  present  results  of  the  Phase  II  engine 
qualification. 
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SECTION  1 
INTRODUCTION 


1 . 1  PURPOSE  OF  TEST 

Engine  828  was  tested  at  Bendix  Aerospace  Systems  Division  -  Ann 
Arbor,  Michigan,  as  Engine  828/build  4  and  at  the  Arnold  Engineer¬ 
ing  Development  Center  (AEDC),  Tullahoma,  Tennessee,  as  Engine 
828/build  6.  The  tests  were  performed  to  demonstrate  F107-WR-400 
engine  compliance  with  environmental  vibration  and  mission  simula¬ 
tion  requirements  as  specified  in  the  Prime  Item  Development  (PID) 
Specification  24235WR9501B  and  the  Qualification  Test  Plan  (QTP), 
CMEP  91-4043G,  Report  No.  78-145-8. 

1.2  DESCRIPTION  OF  TEST  ENGINE 

Engine  828/builds  4  and  6  was  an  XF107-WR-400  engine,  assembled  in 
accordance  with  Top  Assembly  Drawing  and  Parts  List  1029110-108, 

1.3  DISPOSITION  OF  TEST  ENGINE 

After  completion  of  the  planned  testing  at  AEDC,  Engine  828/build  6 
was  returned  to  WRC,  where  a  post- test  teardown  and  inspection  was 
performed.  The  engine  has  since  been  moved  into  bonded  storage  at 
WRC,  Walled  Lake. 

1 . 4  SUMMARY 

1.4.1  Prequalification  Testing  At  WRC 

Engine  828  did  not  exhibit  any  significant  operational  irregulari¬ 
ties  on  either  build  4  prior  to  shipment  to  Bendix  Aerospace  Sys¬ 
tems  or  on  build  6  before  reshipraent  to  AEDC. 

As  shipped  to  Bendix  Aerospace  Systems  for  environmental  vibration 
testing,  conditionally  approved  discrepancies  against  the  engine 
included  the  incorporation  of  an  unapproved  ECR  dealing  with  the 
modified  No.  4  carbon  seal  shield,  the  incorrect  routing  of  the 
fuel  control  unit  temperature  sensor  lead,  the  use  of  an  unapproved 
sealant  and  an  unapproved  adhesive  internal  to  the  engine,  and  the 
installation  of  a  P/N  36240  fuel  control  unit  prior  to  Government 
approval . 

After  the  replacement  and  testing  at  WRC  of  hot  section  hardware 
damaged  during  the  initial  attempt  to  conduct  the  hot-day  mission 
simulation  test  at  AEDC,  the  engine  was  returned  to  AEDC  on  build  6 
with  conditionally  approved  discrepancies.  These  discrepancies 
included  sealants  and  adhesives  internal  to  the  engine,  the  use  of 
a  P/N  36240  fuel  control  unit,  and  the  use  of  a  P/N  34733  hot  gas 
tube  collar. 
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1.4.2  Qualification  Testing  At  Bendix  Aerospace 

Engine  828/build  4  was  vibration  tested  at  Bendix  Aerospace  Sys¬ 
tems  -  Ann  Arbor,  on  14  and  15  January  1980.  The  testing  consisted 
of  two  components,  30  minutes  of  random  frequency  vibrations  along 
each  of  the  principle  engine  axes,  and  sinusoidal  vibratory  sweeps 
for  30  minutes  at  constant  input  levels  along  the  lateral  and 
vertical  axes.  No  significant  hardware  irregularities  were  noted 
during  or  after  the  testing. 

1.4.3  Qualification  Testing  At  AEDC 

The  initial  attempt  to  conduct  the  mission  simulation  tests  on 
Engine  828/build  4  at  AEDC  was  curtailed  on  25  February  1980  when 
an  increase  in  measured  EGT  and  an  engine  speed  rematch  were  noted 
(reference  Report  DAL  8012). 

Mission  simulation  testing  at  AEDC  recommenced  on  2  April  1980,  the 
engine  having  been  returned,  after  repairs,  as  Engine  828/buiid  6. 
Only  one  incident  of  any  significance  occured  during  the  hot  and 
cold  day  mission  cycles,  that  being  the  failure  of  the  fuel  control 
unit  early  in  the  hot  day  cycle.  The  failed  unit  was  replaced,  the 
test  sequence  was  restarted  and  run  through  completion  as  scheduled 
on  16  April  1980. 

1.4.4  Post  Mission  Simulation  Testing  Teardown  Inspection 

Following  the  return  of  Engine  828  to  WRC,  a  thorough  teardown 
inspection,  conducted  on  23  and  24  April  1980,  revealed  no  compon¬ 
ent  failures  or  indications  of  impending  component  failures. 

1 . 5  RECOMMENDAT I ON 

It  is  recommended  that  the  testing  completed  with  Engine  828  be 
accepted  as  evidence  that  the  F107-WR-400  engine  meets  or  exceeds 
the  requirements  for  environmental  vibration  exposure  and  mission 
simulation  testing  as  set  forth  in  the  PID  Specification,  24235WR- 
9501A,  and  the  Qualification  Test  Plan,  CMEP  91-4043G,  Report  No. 
78-145-8. 
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SECTION  2 

PREQUALIFICATION  TESTING  AT  WRC 


2 . 1  SUMMARY 

Engine  828  required  four  builds  prior  to  shipment,  on  2  January 
1980,  to  Bendix  Aerospace  Systems  -  Ann  Arbor  to  commence  qualifi¬ 
cation  testing.  The  initial  "green  run"  of  the  engine  was  perform¬ 
ed  on  build  1.  Build  2  involved  a  penalty  run  to  evaluate  the 
combustor  temperature  profile  which  had  been  modified  following 
build  1.  The  combustor  was  replaced  on  build  3.  Build  4  involved 
the  final  testing  of  the  engine  prior  to  shipment. 

The  engine  was  returned  to  WRC  on  27  February  for  investigation 
into  the  cause  of  a  sharp  increase  in  measured  EGT  noted  during  the 
initial  attempt  to  conduct  the  hot  day  mission  simulation  test  at 
AEDC.  Several  engine  components  were  observed  to  have  sustained 
heat  damage.  The  fuel  slinger  and  the  combustor/first  nozzle 
assembly  were  replaced  and  the  engine  reassembled  to  prepare  for 
retesting  and  reshipment  to  AEDC.  Testing  on  build  5  included  an 
EGT  survey  on  the  new  combustor  and  disassembly  for  inspection  of 
the  new  parts.  The  final  run  prior  to  reshipment  was  performed  on 
build  6.  The  engine  was  reshipped  to  AEDC  on  25  March  1980  to 
recommence  the  mission  simulation  tests. 

2 . 2  PROCEDURES 

2.2.1  Test  Article  Description 

2. 2. 1.1  Physical  Configuration 

Engine  828  was  an  XF107-WR-400  engine  assembled  in  accordance  with 
Top  Assembly  Drawing  and  Parts  List  1029110-108. 

The  engine  was  delivered  on  build  4  with  discrepancies  as  noted  on 
Inspection  Rejection  Report  (IRR)  92153.  IRR  92153,  shown  in 
Figure  2-1,  notes  the  incorporation  of  an  unapproved  ECR  dealing 
with  the  modified  No.  4  carbon  seal  shield,  the  incorrect  routing 
of  the  fuel  control  unit  temperature  sensor  lead,  the  use  of  an 
unapproved  sealant  when  the  accessory  drive  bearings  were  installed 
and  an  unapproved  adhesive  when  the  No.  5  carbon  seal  was  installed 
and  the  installation  of  a  P/N  36240  fuel  control  unit  prior  to 
Government  approval.  These  discrepancies,  conditionally  approved 
by  letter  from  the  Administrative  Contracting  Officer  (Figure  2-2), 
were  applicable  to  the  engine  both  as  shipped  to  Bendix  Aerospace- 
Ann  Arbor  for  vibration  testing  and  as  shipped  to  AEDC  for  the 
initial  attempt  to  conduct  the  mission  simulation  tests. 
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The  engine  was  returned  to  AEDC  on  build  6  with  conditionally 
approved  discrepancies  which  included  the  sealant  and  adhesive 
used  during  the  installation  of  the  No.  5  carbon  seal  and  the 
accessory  drive  bearings,  the  use  of  a  P/N  36240  fuel  control 
unit,  and  the  use  of  a  P/N  34733  hot  gas  tube  collar.  These 
discrepancies  are  listed  in  IRR  94579  (Figure  2-3)  and  were  also 
conditionally  approved  by  letter  from  the  Administrative  Contract¬ 
ing  Officer  (Figure  2-4). 

2. 2. 1.2  Functional  Description 

Engine  828/build  6,  as  shipped  to  AEDC  for  mission  simulation 
testing,  had  the  following  functional  parts  measurements  and 
major  components  identification: 

.  2 

•  Tailpipe  Area:  31.85  in 

•  First  Nozzle:  S/N  WL-1014,  =  3.155  in^,  Q  =  1.681 

•  Second  Nozzle:  S/N  WL-101,  A^^^  =  7.766  in^ 

•  Third  Nozzle:  S/N  GDB-69,  A^^^  =  12.186 

•  Fuel  Control  Unit:  S/N  RF-1443446  (Later  replaced  at  AEDC 
by  fuel  control  unit  S/N  1443454). 

•  Oil  Pump:  S/N  HCB-294 

•  Gearbox:  S/N  B-42 

•  Ignition  Generator/Exciter:  S/N  BX00175 

Engine  weight,  as  shipped  to  Bendix  Aerospace  for  vibration 
testing  on  build  4,  was  142.5  Ibf  with  a  fully  serviced  lubrication 
system  and  residual  fuel,  but  with  no  airframe  generator  installed. 
The  specification  weight  for  an  F107-WR-400  airframe  generator, 
as  installed  during  the  vibration  testing,  is  16.5  Ibf. 

Engine  weight,  as  shipped  to  AEDC  on  build  6,  was  140.9  Ibf  with 
a  fully  serviced  lubrication  system  and  residual  fuel  but  without 
an  airframe  generator  installed. 

The  apparent  discrepancy  in  engine  shipping  weights  is  largely 
due  to  the  fitting  of  both  an  expended  engine  starting  cartridge 
and  oxygen  bottle  for  the  vibration  testing  and  their  absence 
when  the  engine  was  shipped  to  AEDC. 

Engine  run  time  at  WRC  prior  to  shipment  as  Engine  828/build  4 
was  6.62  hours  with  21  starts.  Engine  run  time  at  WRC  on  builds 
5  and  6  was  4.65  hours  with  14  starts.  Accumulated  run  time  at 
WIC  and  AEDC,  prior  to  shipment  back  to  AEDC  to  re-attempt  the 
mission  simulation  testing,  was  19.16  hours  with  38  starts 
including  one  cartridge-initiated  start. 
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Engine  performance  instrumentation,  detailed  in  Run  Program  QT-21, 
included  three  HP  compressor  discharge  temperature  (CDT)  thermo¬ 
couples,  three  LP  turbine  discharge  temperature  thermocouples 
(electrically  coupled  to  produce  an  average  temperature  output), 
three  bypass  mixing  plane  temperature  thermocouples,  and  three 
additional  LP  turbine  discharge  temperature  thermocouples  providing 
individual  temperature  outputs.  Data  from  this  instrumentation  is 
used  to  compute  TIT.  Additionally,  IP  bleed  airflow  pressure  and 
temperature  measurement  instrumentation  was  installed  on  the 
engine . 

2.2.2  Test  Facility 

Engine  828  completed  the  final  runs  prior  to  shipment  on  both  build 
4  and  6  in  test  cell  B-4  at  WRC.  This  test  cell  is  described  in 
paragraph  3.3.3  and  Appendix  A  of  the  Acceptance  Test  Procedure 
for  YF107  Turbofan  Engines,  Revision  A,  CMEP  92-1022  (Report  No. 
78-183).  Run  Program  QT-21  is  presented  in  Appendix  B  of  this 
document . 

2.2.3  Test  Procedures 

The  tests  conducted  at  WRC  were  performed  in  accordance  with  the 
requirements  of  the  PID  Specification  (24235WR9501B) ,  the  QTP,  and 
Run  Program  QT-21. 

2.3  RECORD  OF  TESTING  AT  WRC 

Final  testing  at  WRC,  prior  to  shipment  to  the  qualification  test 
facilities,  was  performed  on  two  separate  occasions.  The  first 
final  test  sequence  was  performed  prior  to  the  inital  shipment  to 
Bendix  Aerospace  on  build  4.  The  second  final  test  sequence  occur¬ 
red  before  reshipment  to  AEDC  as  build  6. 

2.3.1  Record  of  Testing  on  Build  4  Prior  to  Shipment 

Engine  828/build  4  was  installed  in  Test  Cell  B-4  on  14  December 
1979  for  the  final  run  prior  to  shipment  to  Bendix  Aerospace  -  Ann 
Arbor.  Engine  monitoring  instrumentation  was  attached,  the  lubrica¬ 
tion  system  was  serviced  with  750  ml  of  MIL-L-23699  oil  (Exxon 
batch  219)  and  the  fuel  system  was  purged  with  RJ-4  fuel.  The 
engine  was  then  airmotored  to  verify  instrumentation  and  oil  pres¬ 
sure  response. 

The  engine  was  started  to  conduct  the  planned  five-minute  leak 
check  run  (1.2  seconds  to  light,  6.6  seconds  to  idle).  No  fluid 
leakage  was  noted  after  completion  of  the  run  and  300  ml  of  MIL-L- 
23699  oil  (Exxon  batch  219)  were  added  to  the  engine  oil  reservoir. 
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The  engine  was  started  to  perform  the  scheduled  six-point  power 
calibration  used  to  determine  the  maximum  governed  HP  spool  speed 
trim  point  (1.4  seconds  to  light,  6.4  seconds  to  idle).  After 
completion  of  the  calibration  run,  the  oil  was  drained,  weighed 
(923.7  grams  with  pan)  and  returned  to  the  engine.  The  fuel  con¬ 
trol  unit  trim  adjustment  motor  was  installed  at  that  time  in 
preparation  for  the  maximum  governed  HP  spool  speed  adjustment. 

The  engine  was  restarted  (1.5  seconds  to  light,  6.7  seconds  to 
idle)  and  accelerated  to  a  PLA  setting  of  +3.65  Vdc.  The  fuel 
control  unit  was  trimmed,  at  that  setting,  to  a  maximum  governed  HP 
spool  speed  of  63,000  rpm  with  a  calculated  TIT  of  1795°F.  After 
completion  of  the  speed  adjustment,  the  setting  device  was  I’emoved. 

The  engine  was  then  started  (1.4  seconds  to  light,  6.4  seconds  to 
idle)  and  accelerated  to  the  maximum  PLA  setting  to  verify  the 
maximum  trimmed  HP  spool  speed  adjustment.  The  trimmed  HP  spool 
speed  was  acceptable  at  63,000  rpm. 

Without  any  further  interruption,  the  engine  was  subjected  to  the 
slow  transient  run,  the  performance  calibration  and  the  fast  trans¬ 
ient  run  as  specified  in  the  final  run  planning.  The  engine  was 
then  shut  down  and  the  oil  was  drained  and  weighed  (892.2  grams 
including  the  drain  pan).  Oil  consumption  was  calculated  to  have 
been  0.007  gal/hr. 

After  reservicing  of  the  oil  system  with  765.6  grams  of  new  MIL-L- 
23699  oil  (Exxon  batch  219),  the  engine  was  started  (1.3  seconds  to 
light,  6.3  seconds  to  idle)  and  a  30-minute  oil  consumption  run  was 
performed.  Post-engine  shutdown  oil  weight  was  748.5  grams  with 
oil  consumption  calculated  to  have  been  0.009  gal/hr. 

The  engine  was  reserviced  with  750  ml  of  new  MIL-L-23699  oil  and  a 
final  five-minute  leak  check  run  conducted.  A  post-run  inspection 
revealed  no  fluid  leakage.  The  engine  was  removed  from  the  test 
cell  on  14  December  1979  and  prepared  for  shipment  to  Bendix  Aero¬ 
space  to  conduct  qualification  vibration  testing. 

2.3.2  Record  of  Testing  on  Build  6  Prior  to  Shipment 

The  initial  attempt  to  conduct  the  hot  and  cold  day  mission  simula¬ 
tion  tests  at  AEDC  was  aborted  on  25  February  1980,  when  a  change 
in  engine  spool  speed  match,  coupled  with  an  increase  in  measured 
EGT,  was  noted.  A  subsequent  teardown  investigation  at  WRC  re¬ 
vealed  two  burned  first  nozzle  vanes. 

The  engine  was  reassembled  after  replacement  of  the  fuel  slinger 
and  the  combustor/first  nozzle  assembly.  Subsequent  to  a  perform¬ 
ance  calibration  and  teardown  to  evaluate  the  newly  installed 
combustor  on  build  5,  the  engine  was  assembled  on  build  6  to  con¬ 
duct  the  final  pre-qualification  acceptance  testing. 
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Engine  828/build  6  was  installed  in  test  cell  B-4  on  24  March  1980. 
Engine  monitoring  instrumentation  was  attached,  the  lubrication 
system  was  serviced  with  750  ml  of  MIL-L-23699  oil  (Exxon  batch 
219)  and  the  fuel  system  was  purged  with  RJ-4  fuel.  The  engine  was 
then  airmotored  to  verify  instrumentation  and  oil  pressure 
response . 

The  engine  was  initially  started  to  conduct  a  five-minute  leak 
check  run  (2.5  seconds  to  light,  7.6  seconds  to  idle)  at  idle 
speed.  Several  external  oil  leaks  were  noted  and  repairs  were 
attempted  after  shutdown.  The  engine  was  then  serviced  with  an 
additional  200  ml  of  MIL-L-23699  oil  (Exxon  batch  219). 

The  engine  was  restarted  (1.4  seconds  to  light,  7.2  seconds  to 
idle)  and  accelerated  to  an  HP  spool  speed  of  60,000  rpm  for  an 
additional  leak  check  run.  Some  additional  fluid  leakage  was 
observed  and  repairs  were  undertaken  again. 

The  engine  was  started  to  perform  the  scheduled  six-point  power 
calibration  used  to  determine  the  maximum  governed  HP  spool  speed 
trim  point  (1.4  seconds  to  light,  7.0  seconds  to  idle).  After 
completion  of  the  calibration  run,  the  oil  was  drained,  weighed 
(889.8  grams  with  pan)  and  returned  to  the  engine.  The  fuel  con¬ 
trol  unit  trim  adjustment  motor  was  installed  at  that  time  in 
preparation  for  the  maximum  governed  HP  spool  speed  adjustment. 

The  engine  was  restarted  (1.3  seconds  to  light,  7.0  seconds  to 
idle)  and  accelerated  to  a  PLA  setting  of  +3.65  Vdc.  The  fuel 
control  unit  was  trimmed,  at  that  setting,  to  a  maximum  governed  HP 
spool  speed  of  62,840  rpm.  Following  shutdown,  the  adjustment 
motor  was  removed. 

The  engine  was  restarted  to  check  the  adjusted  maximum  HP  spool 
speed  (1.5  seconds  to  light,  7.2  seconds  to  idle).  At  a  PLA  set¬ 
ting  of  +3.65  Vdc  the  maximum  trimmed  HP  spool  speed  was  noted  to 
be  acceptable  at  62,850  rpm.  The  engine  was  then  returned  to  idle 
and  shutdown. 

The  engine  was  restarted,  taking  1.3  seconds  to  light  and  6.8 
seconds  to  attain  idle.  The  slow  transient,  the  performance  cali¬ 
bration,  and  the  fast  transient  runs  were  completed  according  to 
the  final  run  planning,  after  which  the  engine  was  returned  to 
idle,  shutdown  and  the  oil  drained.  Oil  consumption  during  the 
engine  trimming  procedure  and  the  final  run  was  calculated  to  have 
been  0.013  gal/hr.  No  external  fluid  leakage  was  noted  after  shut 
down. 

The  engine  was  reserviced  with  new  MIL-L-23699  oil,  (Exxon  batch 
219,  725.3  grams  including  pan).  The  engine  was  then  restarted 
(1.4  seconds  to  light,  6.8  seconds  to  idle)  to  conduct  the  schedu- 
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led  30-minute  oil  consumption  run.  At  the  completion  of  this  test, 
the  oil  was  drained,  weighed  (685.9  grams  including  drain  pan)  and 
oil  consumption  was  calculated  to  have  been  0.021  gal/hr.  The 
engine  was  then  reserviced  with  750  ml  of  MIL-L-23699  oil  (Exxon 
batch  219 ) . 

Performance  levels  at  AEDC  often  exceed  those  observed  at  WRC. 
Therefore,  it  was  determined  that  it  would  be  advantageous  to  trim 
the  engine  to  a  point  that  would  yield  only  100  percent  of  the 
minimum  specification  thrust,  rather  than  a  value  slightly  in 
excess  of  the  specification  minimum,  as  has  been  the  habit  with  the 
Phase  II  Qualification  Test  engines.  This  limitation  was  initiated 
to  prevent  the  recurrence  of  exessive  TIT  values  during  the  hot  day 
mission  cycle  testing  at  AEDC. 

The  fuel  control  unit  trim  adjustment  motor  was  reinstalled  and  the 
engine  restarted  (1.6  seconds  to  light,  7.2  seconds  to  idle).  At  a 
PLA  setting  of  +3.65  Vdc,  the  fuel  control  unit  was  trimmed  to 
yield  an  HP  spool  speed  of  62,600  rpm  at  a  calculated  TIT  of 
1805“ F.  The  engine  was  then  shut  down  and  the  trimming  motor  was 
removed. 


The  engine  was  restarted  (1.4  seconds  to  light,  7.4  seconds  to 
idle)  and  accelerated  to  a  PLA  setting  of  +3.65  Vdc  to  check  the 
trimmed  HP  spool  speed.  Maximum  HP  spool  speed,  as  trimmed,  was 
acceptable  at  62,610  rpm.  This  setting  produced  a  maximum  thrust 
value  egual  to  the  specification  value. 

After  shutdown  the  oil  reservoir  was  "topped  off"  with  100  ml  of 
new  MIL-L-23699  oil  (Exxon  batch  219).  The  engine  was  then  removed 
from  the  test  cell  and  prepared  for  shipment  to  AEDC  to  recommence 
the  scheduled  hot  and  cold  day  mission  simulation  testing. 

2.4  ANALYSIS  OF  ENGINE  PERFORMANCE  AS  SHIPPED  TO  AEDC  ON  BUILD  6 

Engine  performance  during  the  prequalification  acceptance  run  is 
summarized  and  compared  to  the  specification  limits  for  sea  level, 
static,  standard  day  conditions  in  Table  2-1.  Figures  2-5  through 
2-15  present  basic  engine  performance  data  obtained  during  the 
prequalification  testing  at  WRC  in  detailed  comparison  with  the 
specification  requirements.  Figure  2-16  presents  the  EGT  profile 
and  Figure  2-17  reproduces  the  correlation  curve,  used  in  computing 
TIT,  of  the  average  of  the  three  flight  EGT  thermocouples  and  the 
average  of  the  72-element  EGT  thermocouple  rake  during  the  prequali¬ 
fication  testing  at  WRC.  Figures  2-16  and  2-17  present  data  from 
build  5,  as  specialized  instrumentation  required  to  obtain  the  data 
presented  there  is  not  installed  for  the  prequalification  accept¬ 
ance  test.  In  absence  of  contrary  indications,  these  parameters 
are  assumed  to  have  the  same  values  for  build  6. 
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2.4.1  Oil  Consumption 

Oil  consumption,  measured  during  the  30-minute  final  oil  consump¬ 
tion  run  at  WRC,  was  calculated  to  have  been  0.021  gal/hr.  The 
weight  of  the  oil  consumed  was  39.4  grams  at  a  density  of  0.989 
gm/ml . 

2.4.2  Performance  Assessment 

Engine  828/build  6,  as  fitted  with  a  31.85  in^  jet  nozzle,  was 
trimmed  at  WRC  to  an  HP  spool  speed  of  62,610  rpm  at  a  PLA  setting 
of  +3.65  Vdc.  Thrust,  as  trimmed,  was  measured  to  be  640  Ibf  with 
a  calculated  maximum  turbine  inlet  temperature  (TIT)  of  1805“F  and 
an  EGT  of  1020“F  at  the  maximum  PLA  setting.  Specific  Fuel  consump¬ 
tion  was  3.36  percent  below  the  specification  maximum  value  at  the 
maximum  continuous  thrust  rating.  SFC  at  90  percent  and  75  percent 
maximum  continuous  thrust  ratings  was  below  the  specification 
maximum  limits  by  2.69  and  1.62  percent,  respectively.  Table  2-1 
demonstrates  that  all  critical  performance  parameters  remained 
within  limits. 

2.5  CONCLUSIONS 

Engine  828/build  4,  at  the  conclusion  of  the  final  testing  at  WRC, 
was  considered  acceptable  to  conduct  vibration  testing  at  Bendix 
Aerospace-Ann  Arbor  and  mission  simulation  testing  at  AEDC.  Follow¬ 
ing  the  replacement  of  hardware  damaged  during  the  initial  mission 
simulation  test  attempt,  the  engine  was  rerun  through  the  final 
testing  at  WRC  and  deemed  acceptable  to  recommence  the  hot  and  cold 
day  mission  simulation  tests. 
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TABLE  2-1.  ENGINE  828/BUILD  6,  PERFORMANCE  SUMMARY 


ENGINE  MODEL  XF107  -  WR-400 

DATA  CORRECTED  TO  SEA  LEVEL.  STATIC, 

STANDARD  DAY  CONDITIONS 

INDICATE 

IF 

DEVIANT 

I  . 

AT  TRIM  SPEED  OR  3.65  VDC  TO  FUEL 

CONTROL  ACTUATOR 

Thrust  Fn/6  (100%  FM  min  -  INDICATE  %  FM)i 

100.8 

HP  Speed  N2/V6  (63200  rpm  max) 

62610 

LP  Speed  Ni//5  (34755  rpm  max) 

33400 

EGT  EGT/6  (1130°F  max) 

1020°F 

TIT/0  (1925°F) 

1805°F 

II . 

At  Fn/6  =  Fm 

EGT  EGT/0  (1130°F  max) 

1010°F 

SFC  SFC/6'‘>7  (100%  SFCM  max  -  INDICATE  %  SFCM) 

-3.36 

Airflow  WV0/6  (14.0  Ibm/sec  max) 

13.50 

(13.19  Ibm/sec  min) 
HP  Speed  N2/1/0  (63200  rpm  max) 

LP  Speed  N1//0  (34755  rpm  max) 

62400 

33200 

(31445  rpm  min) 

Ill  . 

At  Fn/6  =  90%  Fm 

EGT  EGT/e  (1060°F  max) 

985‘’F 

SFC  SFC/e’**^  (97.4%  SFCM  max  -  INDICATE  %  SFCM) 

-2.69 

Airflow  WV0/6  (13.39  Ibm/sec  max) 

12.95 

(12.61  Ibm/sec  min) 
HP  Speed  N2/-/0  (62883  rpm  max) 

61300 

(60417  rpm  min) 

LP  Speed  Ul/^^6  (33180  rpm  max) 

31800 

(30020  rpm  min) 

IV. 

At  Fn/6  =  75%  Fm 

EGT  EGT/e  (960°F  max) 

940°F 

SFC  SFC/e**"  (94.1  %  SFCM  max  -  INDICATE  %  SFCM 

-1.62 

Airflow  WVe/6  (12.46  Ibm/sec  max) 

12.00 

(11.74  Ibm/sec  min) 
HP  Speed  N2/'/0  (60894  rpm  max) 

59500 

(58530  rpm  min) 

LP  Speed  Ni/-/5  (31080  rpm  max) 

29800 

(28120  rpm  min) 

‘  FM  is  minimum  thrust  at  the  maximum  continuous  rating  at  sea  level 
static  as  specified  in  Table  1  of  PIO  Spec  24235WR9501A  SCN  010  dated 

17  October  1978. 

2  SFCM  is  maximum  SFC  at  condition  1. 
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DCRO-GTCA/WR  (J.  Ilo«decker/Ext  352/ljnf) 


19  Pec  1979 


SUBJECT!  Shipping  Authorization,  Engino  S/N  028,  Contract  P00Q19-78-C-0206 


Mr.  Dava  Cooper 
QlEP  Contract  Adnlnlatration 
Williama  Reacarch  Corporation 
2260  U.  Maple  Road 
Walled  Lake,  MI  46088 


Dear  Mr.  Cooper: 

You  arc  hereby  authorized  to  ehlp  au^Ject  engine  via  air  ohipirent  on  a 
DD  Form  1149  to  AEPC,  Tullshoma,  Tennessee. 

It  is  noted  that  thia  engine  deviatea  from  specification  and  QT  Tent  Plan 
requirements  as  documented  on  TRR  92153.  Tlila  autliorizatlon  la  granted 
notwithstanding  the  deviant  condition  to  provide  for  further  testing  of 
this  engine. 

Tills  letter  should  not  be  construed  os  waiving  an)  specif Icdtion  of  QT 
requirements  or  any  other  Government  rights  cetabllshed  by  the  contract. 
The  only  purpose  of  this  letter  is  to  acknowledge  the  above  cited  de¬ 
viations  and  to  provide  shipping  authorization.  Tlits  authorization  is 
granted  for  the  sole  convenience  of  the  contractor. 


Hiie  letter  may  bo.  vined  to  cloce  tlie 
tcmal  requrlcments. 


.Thovo 


reference  ! 


JOHN'  A. 


yoi;r 


In- 


AUiainlstrotivc  Contr.ictlng  Officer 
PCAS-l'P.'  Keiildency 


cc:  DCRO-GTQF/WR  (C.C.  Davis,  Jr.) 
JCM-285  (Major  Rice) 

ASn/YZ107  (Col.  Goetr) 

WP.C  (L.  Schecn) 


Figure  2-2.  Administrative  Contracting  Office  (AGO)  Letter 

Permitting  Shipment  of  Engine  828/Build  4  to  Bendix 
Aerospace  and  AEDC 
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^  Report  No.  79-106-39 

UCRO-CTWC  (J.  Boedeckfc^/Ext  1352/linf)  25  Mar  19BU 

SUBJECT:  Shipping  Authorization)  Engiua  S/N  823,  Contract  N00019-78-C-0206 


Mr.  Dava  Cooper 
CME?  Contract  Admlniatrator 
Ullliams  Reaearch  Corporation 
2280  U.  Maple  Rond 
Vailed  Lake,  MI  480S8 


Dear  !lr.  Cooper: 

You  are  hereby  authorized  to  ship  eubject  onglro  via  -ilr  slilpnrr.t  oii  n 
DU  Form  11A9  to  AF.DC,  Tullahoc-n,  Tcunviasoc, 

It  la  noted  that  this  engiue  deviates  Iron  specificaticn  and  QT  Test  Plan 
requirements  as  docu-mented  on  IRR  94579.  This  authorization  la  granted 
notvithstandiug  the  deviant  condition  to  provide  -'-r  further  testing  of 
this  engine. 

Tills  letter  should  not  be  construed  ns  vaivlns;  any  specification  of  QT 
requirements  or  any  other  Government  rii^hts  established  by  the  contractor. 
The  only  purpose  of  this  letter  la  to  acknowledge  the  above  citod 
deviations  and  to  provide  shipping  authorization.  This  authorization  is 
grouted  for  the  sole  convenience  of  the  co:itractor. 

This  letter  nay  be  used  to  close  the  above  referenced  IRA  per  your 
internal  requirements. 


Sincerely . 


JOHN  A.  AlThlN 

Adnlnlctrotl/e  C'>ntractini,  Officer 
DC\S  -llilC  Rrsldeticy 


cc:  DCRO-CnVQ  (C.G.  n.WIS,  .jr.) 

JCM-285  (.lajor  l.tr-?) 

.■\r.U/YZ107  (''0,1.  rocL..) 

V/TiC  (L.  Schcen) 

DCHO-uTWP  (P.  Jen Ik) 

Figure  2-4.  Administrative  Contracting  Office  (AGO)  Letter  Permitt¬ 
ing  Shipment  of  Engine  828/Build  6  to  AEDC 
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Figure  2-6.  Engine  828/Build  6,  Corrected  Specific  Fuel  Consumption  (SFC) 
versus  Corrected  Thrust 
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Figure  2-7.  Engine  828/Build  6,  Corrected  Thrust  versus  Corrected  HP  Speed 
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Figure  2-12.  Engine  828/Build  6,  Corrected  Exhaust  Gas  Temperature  (EGT) 
versus  Corrected  HP  Speed 
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Figure  2-13.  Engine  828/Build  6,  Corrected  Fuel  Flow  versus  Corrected  HP 
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Figure  2-14.  Engine  828/Build  6,  Corrected  Turbine  Inlet  Temperature  (TIT) 
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gure  2-15.  Engine  828/Build  6,  Corrected  Turbine  Inlet  Temperature  (TIT) 
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Figure  2-17.  Engine  828/Build  5,  Exhaust  Gas  Temperature  (EGT) 
Correlation  Curve,  72  Thermocouple  Rake  versus  3 
Flight  Thermocouples 


2-27/2-28  Blank 


Williams  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


SECTION  3 

QUALIFICATION  TEST  FACILITY  RESULTS 


3 . 1  SUMMARY 

Engine  828/build  4  arrived  at  Bendix  Aerospace  Systems  Division, 
Ann  Arbor,  Michigan,  on  14  January,  1980,  and  testing  was  under¬ 
taken  that  day.  The  testing  consisted  of  two  components,  30  min¬ 
utes  of  random  vibrations  along  each  of  the  principal  engine  axes 
and  sinusoidal  vibratory  sweeps  at  constant  input  levels  to  identi¬ 
fy  resonant  frequencies  along  the  lateral  and  vertical  engine  axes, 
with  the  engine  being  excited  for  thirty  minutes  at  each  of  the 
frequencies  identified.  No  abnormalities  occurred  during  this 
phase  of  the  qualification  testing. 

Engine  828/build  4  arrived  at  AEDC  on  21  January,  1980.  Installa¬ 
tion  into  Test  Cell  T-5  was  completed  on  19  February,  the  delay 
being  caused  by  the  completion  of  qualification  testing  with  Engine 
402.  Testing  was  undertaken  on  20  February.  All  required  check 
runs  and  engine  calibrations  were  completed  without  incident. 

Shortly  after  undertaking  the  hot  day  mission  simulation  test, 
erratic  EGT  indications,  coupled  with  a  brief  engine  calibration, 
led  to  termination  of  the  testing.  The  engine  was  returned  to  WRC, 
disassembled,  and  damaged  engine  hardware  replaced  (Ref.  Report  DAL 
8012  )  . 

With  no  repetition  of  the  engine  vibration  testing,  the  engine,  now 
designated  Engine  828/build  6,  was  returned  to  AEDC.  The  calibra¬ 
tion  and  check  runs  were  repeated. 

Early  in  the  second  attempt  to  conduct  the  hot  day  mission  simula¬ 
tion  test,  the  fuel  control  unit  ceased  to  respond  to  changes  in 
PLA  command  voltage.  A  replacement  fuel  control  unit  was  located, 
exposed  to  the  engine  vibration  testing  regimen,  and  installed  on 
the  engine.  All  testing  scheduled  at  AEDC  was  completed  on  16 
April,  1980,  and  the  engine  returned  to  WRC. 

A  post-testing  teardown  and  dimensional  inspection  revealed  no 
hardware  failures  or  signs  of  impending  hardware  failures  which 
could  have  jeopardized  successful  mission  completion. 

3 . 2  PROCEDURES 
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3.2.1  Test  Article  Description 

Engine  828/build  4  was  vibration  tested  at  Bendix  Aerospace-Ann 
Arbor  in  its  as-shipped  configuration.  Initially,  the  engine  was 
installed  into  Test  Cell  T-5  at  AEDC  in  that  same  configuration. 
Following  the  abortion  of  the  first  attempt  to  conduct  the  mission 
simulation  testing,  and  a  subsequent  rebuild  at  WRC  (ref.  paragraph 
2.3.2.),  the  engine  was  reinstalled  into  Test  Cell  T-5  at  AEDC  in 
its  as-shipped  condition.  During  that  second  phase  of  engine 
testing,  the  only  hardware  change,  other  than  those  authorized  in 
paragraph  3. 2. 4. 8  of  the  Qualification  Test  Plan  (CMEP  91-4043G), 
was  the  replacement  of  the  failed  fuel  control. 

3.2.2  Test  Facilities 

Engine  828/build  4  and  the  replacement  fuel  control  unit  for  build 
6  were  vibration  tested  at  Bendix  Aerospace-Ann  Arbor,  Michigan. 
Details  on  the  Bendix  facility  are  included  in  Appendix  F  of  the 
Qualification  Test  Plan.  Photographs  of  a  typical  F107  engine 
installation  at  the  Bendix  facility  are  displayed  in  Figures  3-36 
through  3-38. 

Engine  828/builds  4  and  6  were  tested  at  AEDC,  Tullahoma,  Tennesee, 
in  Test  Cell  T-5.  A  detailed  description  of  the  test  facility  at 
AEDC  is  contained  in  Appendix  D  of  the  Qualification  Test  Plan.  A 
typical  F107  engine  installation  in  Test  Cell  T-5  at  AEDC  is  shown 
in  Figures  3-39  through  3-41. 

3.2.3  Test  Procedures 

The  vibration  and  mission  simulation  tests,  as  well  as  associated 
check  runs,  instrumentation  runs,  and  calibrations  runs,  were 
performed  in  compliance  with  the  Qualification  Test  Plan  and  Run 
Program  QT21.  Run  program  QT21  and  its  addenda  are  presented  in 
Appendix  B  of  this  text. 

3.3  RECORD  OF  TEST 

3.3.1  Record  of  Vibration  Testing  at  Bendix  Aerospace-Ann  Arbor 

Engine  828/build  4  was  initially  shipped  to  Bendix  Aerospace-Ann 
Arbor  on  4  January,  1980,  to  conduct  vibration  testing  for  the 
F107-WR-400  engine  in  accordance  with  the  PID  Specification  and  the 
QTP.  The  testing  proceeded  without  major  incidents  and  was  complet¬ 
ed  on  7  January  1980.  After  the  engine  had  been  returned  to  WRC, 
it  was  discovered  that  no  airframe  generator  had  been  mounted  on 
the  engine  during  the  vibration  testing.  This  omission  required  a 
repetition  of  the  vibration  testing. 
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Engine  828  was  received  at  Bendix  Aerospace-Ann  Arbor  for  the 
second  test  series  on  14  January  1980  and  began  testing  on  the 
same  day.  All  scheduled  testing  was  completed  at  ambient 
temperatures . 

A  discrepancy  exists  between  the  axis  labelling  conventions  used 
by  Bendix  Aerospace  Systems  and  WRC.  The  Bendix  convention 
labels  the  longitudinal  axis  "X"  with  positive  direction  extending 
out  through  the  engine  inlet,  the  lateral  axis  "Y"  with  positive 
direction  extending  out  to  engine  starboard  (when  viewed  from  aft 
looking  forward),  and  the  vertical  axis  "Z"  with  positive  direction 
down.  The  WRC  convention  for  the  Convair  engine,  is  dictated  by 
triaxial  accelerometer  mounting  position,  with  labelling  of  the 
longitudinal  axis  "X",  the  lateral  axis  "Z"  and  the  vertical  axis 
"Y",  having  positive  sense  in  the  same  direction  as  the  Bendix 
convention,  except  that  the  positive  vertical  direction  is  up. 
This  discrepancy  results  in  different  labelling  of  vibration  data 
obtained  at  Bendix  Aerospace  and  at  AEDC. 

Initially,  a  sinusoidal  vibration  sweep  was  performed  on  the 
engine  lateral  (Z)  axis  to  identify  resonant  frequencies.  These 
frequencies  were  identified  to  be  77  Hz,  90  Hz  and  100  Hz.  The 
lateral  axis  was  subjected  to  a  vibration  input  at  a  level  of 

2g's  for  a  30-minute  period  at  each  of  the  above  frequencies. 
This  was  followed  by  a  one-half  hour  random  frequency  excitation 
on  the  same  axis  in  compliance  with  the  F107-WR-400  spectrum. 

The  engine  orientation  relative  to  the  test  apparatus  was  changed 
to  allow  vibration  inputs  on  the  longitudinal  (X)  axis  of  the 
engine.  The  engine  was  then  subjected  to  a  random  frequency 

vibration  input  on  the  longitudinal  axis  for  30  minutes  in  com¬ 
pliance  with  the  F107-WR-400  spectrum. 

Engine  orientation  on  the  shake  fixture  was  repositioned  in  order 
to  align  the  vibration  axis  along  the  vertical  (Y)  axis.  A  sinu¬ 
soidal  sweep  was  then  performed  to  identify  the  resonant  frequen¬ 
cies.  These  frequencies  were  identified  to  be  13  Hz,  80  Hz  and 

100  Hz.  The  vertical  axis  was  then  subjected  to  a  sinusoidal 
vibration  at  a  level  of  2g's  for  a  30-minute  period  at  each  of 
the  resonant  frequencies.  The  vibration  test  series  was  completed 
with  a  30-minute  random  frequency  vibration  excitation  on  the 
vertical  axis  in  compliance  with  the  F107-WR-400  spectrum. 

A  presentation  of  the  PSD  curves  obtained  at  Bendix  Aerospace 
during  the  testing  of  this  engine,  as  well  as  a  chronicle  of 
significant  test  events,  is  contained  in  Appendix  D  of  this  text. 
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The  engine  was  returned  to  WRC  on  16  February  1980  preparatory  to 
shipment  to  AEDC  for  mission  simulation  testing. 

3.3.2  Record  of  Testing  at  AEDC 

Note:  The  initial  attempt  to  conduct  the  hot  and  cold  day 

mission  simulation  tests  at  AEDC  was  aborted  on  25 
February  1980  when  both  an  increase  in  EGT  and  a  marked 
change  in  engine  spool  speed  match  were  noted.  A 

subsequent  teardown  investigation  at  WRC  revealed  two 
burned  first  nozzle  vanes.  The  engine  was  reassembled 
with  a  new  fuel  slinger  and  combustor/first  nozzle 

assembly.  The  engine  was  then  rerun  through  the  ac¬ 
ceptance  test  procedure  (ATP)  and  reshipped  to  AEDC. 
No  repetition  of  the  environmental  vibration  testing 
was  considered  necessary. 

3. 3. 2.1  Pre-Mission  Simulation  Testing 

Engine  828  was  received  at  AEDC,  Tullahoma,  Tennessee,  on  25 
March  1980,  and  directly  installed  in  Test  Cell  T-5.  Some  facility 

problems  occurred,  but  were  resolved  in  order  to  permit  engine 

testing  to  begin  on  1  April  1980.  A  sea  level  static,  standard 
day  check  run  revealed  minor  instrumentation  problems  which  were 
easily  resolved.  During  that  check  run,  one  flight  EGT  thermo¬ 
couple  indicated  a  step  increase  to  1074° F,  but  no  other  ir¬ 
regularities  were  reported.  A  pre-qualification  testing  sea 
level,  Mach  0.70  calibration  run  with  bleed  airflow  and  generator 
power  extraction  was  conducted,  followed  by  engine  operation  at 
sea  level,  Mach  0.65  to  complete  the  4  hours,  55  minutes  of 
engine  operation  required  prior  to  the  final  pre-mission  simulation 
test  check  run  (Ref.  paragraph  2.7.3  of  CMEP  91-4043G).  Data 
collected  during  the  calibration  run  indicated  thrust  4.1  percent 
above  and  SFC  4.7  percent  below  the  specification  requirements 
with  an  average  EGT  of  1030°F  at  maximum  continuous  thrust.  Oil 
consumption  during  this  running  was  computed  to  be  0.011  gal/hr. 
The  final  pre-mission  simulation  test  check  run  was  conducted  on 
2  April.  A  post-run  inspection  revealed  no  fluid  leakage.  A 
starter  cartridge  was  then  installed  and  the  engine  prepared  for 
the  initiation  of  the  hot-day  mission  simulation  test. 

3. 3. 2. 2  Mission  Simulation  Testing 

Figure  3-42  displays  the  Phase  II  QT  hot  and  cold  day  mission 
simulation  test  format.  Scheduled  changes  in  flight  conditions 
are  related  to  Table  3-IV  by  circled  numbers.  Time  histories  of 
the  terrain-following  cycles  used  in  these  tests  are  presented  in 
Figures  3-43  through  3-47. 
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Test  Cell  T-5  at  AEDC  is  set  up  to  control  the  engine  throttle 
command  voltage,  simulated  altitude  and  Mach  number,  and  facility 
data  acquisition  system  by  means  of  several  computers  which  are 
synchronized  at  the  start  of  the  test.  One  of  the  computer 
outputs  is  a  CRT  display  comparing  the  specification  inlet  temp¬ 
erature,  in  10-minute  segments,  with  the  current  actual  inlet 
temperature.  This  display  is  used  to  control  the  inlet  temperature 
manually  during  the  test. 

Time  histories  of  actual  test  cell  pressure,  inlet  pressure  and 
inlet  temperature  are  shown  in  Figures  3-48  through  3-50  for  the 
hot  day  mission  simulation  and  in  Figures  3-52  through  3-54  for 
the  cold  day  mission  simulation.  These  figures  also  include  the 
specification  pressures  and  temperatures  for  comparison  with  the 
recorded  data.  As  can  be  seen,  the  computers  functioned  with  a 
high  degree  of  accuracy  in  controlling  the  two  pressures  re¬ 
presenting  altitude  and  Mach  number  during  both  the  hot  and  cold 
day  mission  cycles.  The  control  of  inlet  temperature  was  generally 
good  during  both  tests,  except  as  noted  in  paragraph  3. 3. 2. 2. 3, 
with  some  variation  due  to  the  thermal  inertia  of  the  facility 
plumbing,  which  did  not  allow  rapid  changes  in  temperature  at  the 
engine  inlet.  Although  temperature  variations  do  affect  engine 
performance,  it  was  not  felt  that  the  differences  which  were 
experienced  affected  the  validity  of  the  engine  durability 
demonstration . 

The  computers  controlling  the  mission  simulation  cycles  did  not 
have  sufficient  storage  capacity  for  an  entire  five-hour  test 
cycle.  Therefore,  the  program  was  broken  into  five  segments. 
After  completion  of  each  segment,  the  engine  was  manually  returned 
to  idle  speed  while  the  new  program  segment  was  entered  into  the 
computer.  The  engine  was  not  shut  down  during  these  hold  periods. 

Time  histories  of  the  supply  fuel  temperature  are  shown  in  Figure 
3-51  for  the  hot  day  mission  simulation  test  and  in  Figure  3-55 
for  the  cold  day  mission  simulation  test.  The  specification 
nominal  fuel  supply  temperature  is  shown  for  reference.  The  fuel 
temperature  was  controlled  by  a  semi-automatic  system  which 
required  constant  monitoring  and  operator  adjustment. 

3. 3. 2. 2.1  Hot  Day  Mission  Simulation  Test.  The  hot  day  mission 
simulation  test  was  undertaken  on  2  April  1980.  The  cartridge 
start  was  hot  (1230”F  EGT  momentarily),  but  successful.  Data  for 
both  this  cartridge  start  and  the  start  conducted  at  the  outset 
of  the  cold  day  mission  simulation  test  are  presented  in  Paragraph 
3. 4. 3. 7  of  this  report. 

Shortly  after  the  computer  had  assumed  control  of  the  engine 
throttle,  the  PLA  display  became  unsteady,  with  no  attendant 
fluctuations  in  either  fuel  flow  or  rotor  speeds.  As  the  test 
continued,  one  of  the  individually-reporting  EGT  theimocouples 
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rose  to  a  steady  1226°F.  Finally  (1:02:14  into  the  mission),  the 
fuel  control  unit  ceased  responding  to  any  variations  in  command 
voltage.  It  was  decided,  in  concurrence  with  the  customer  rep¬ 
resentative,  to  abort  the  test.  Using  a  manually-controlled 
facility  fuel  system  valve,  the  engine  was  shutdown,  but  windmilled 
to  avoid  component  damage  due  to  heat  buildup  and  soakback. 
Post-shutdown  electrical  tests  revealed  internal  fuel  control 
unit  resistance  and  current  draw  well  in  excess  of  the  component 
specification.  It  was  elected  to  remove  the  fuel  control  unit 
and  replace  it  with  a  different  unit. 

The  replacement  fuel  control  unit  was  subjected  to  the  Tomahawk 
environmental  vibration  test  at  Bendix  Aerospace  Systems-Ann 
Arbor  on  8-9  April  1980  (Ref.  Appendix  D,  Section  IV).  The 
removed  fuel  control  unit  was  shipped  to  the  Woodward  Governor 
Company  for  analysis  (Ref.  Appendix  F)  where  the  cause  of  the 
failure  was  traced  to  a  faulty  fuel  control  unit  subcomponent. 
The  replacement  fuel  control  unit  was  shipped  to  AEDC  and  installed 
on  Engine  828.  Preparations  for  an  engine  calibration  and  trim 
check  were  then  made. 

The  replacement  fuel  control  unit  was  trimmed,  using  both  mechani¬ 
cal  and  manual  techniques,  to  a  maximum  governed  HP  spool  speed 
of  62,459  rpm  and  an  engine  performance  calibration  conducted. 
That  calibration  indicated  that  SFC  at  maximum  continuous  thrust 
had  improved  0.1  percent,  but  SFC  at  the  cruise  rating  point  had 
increased  by  1.3  percent.  Maximum  thrust  had  decreased  by  2.6 
percent.  All  of  these  parameters,  however,  still  easily  satisfied 
the  specification  requirements. 

Following  an  oil  and  oil  filter  change  and  the  installation  of 
igniter  plugs  subjected  to  the  Tomahawk  environmental  vibration 
test  along  with  the  replacement  fuel  control  unit,  the  hot  day 
mission  simulation  test  was  restarted,  with  a  compressed  air 
start.  The  hot  day  test  was  then  concluded,  with  the  most  sig¬ 
nificant  item  of  note  (derived  by  post- test  data  analysis)  being 
a  disagreement  between  the  manually-computed  average  of  three  EGT 
thermocouples  and  the  electrically-averaged  output  of  three 
others.  The  disagreement  was  about  50°F  throughout  the  entire 
test  cycle.  Computed  oil  consumption  for  the  entire  hot  day 
mission  simulation  test  was  0.015  gal/hr. 

3. 3. 2. 2. 2  Recertification.  After  completion  of  the  hot  day  mis¬ 
sion  simulation  test,  the  No.  1  bearing,  both  igniters,  and  the 
engine  oil  and  oil  filter  element  were  replaced.  The  engine  oil 
sump  was  drained  and  refilled  with  new  MIL-L-23699  oil. 

A  recertification  calibration  run  was  performed  at  sea  level, 
Mach  0.7,  standard  day  conditions  to  verify  engine  function  after 
the  hardware  changes.  No  meaningful  changes  in  engine  performance, 
in  comparison  to  the  engine  calibration  prior  to  the  hot  day 
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mission  simulation  test,  were  observed.  During  the  recertification 
run,  the  individual  EGT  thermocouple  T6-2  behaved  erratically,  as 
it  had  on  earlier  ocassions,  but  no  contrary  engine  health  para¬ 
meters  were  observed. 

3. 3. 2. 2. 3  Cold  Day  Mission  Simulation  Test.  The  cold  day  mission 
simulation  test  was  conducted  on  15  April  1980.  The  test  was 
initiated  with  a  successful  cartridge  start  and  was  conducted 
with  very  few  occurrences  of  note.  Some  items  of  interest,  which 
apparently  had  little  bearing  upon  the  successful  conclusion  of 
the  test,  included  continued  disagreement  (derived  by  post-test 
data  analysis)  between  the  average  of  the  individually-reporting 
EGT  thermocouples  and  the  three  electrically-averaged  EGT  thermo¬ 
couple  outputs  (about  40‘’F),  depletion  of  the  facility  liquid  air 
supply  which  led  to  a  loss  of  inlet  temperature  control,  repeated 
freezing  of  water  collected  in  the  facility  fuel  filter  (causing 
several  interruptions  of  the  test  cycle  for  thawing)  and  reports 
of  "sparks"  from  the  engine  tailpipe  for  which  no  origin  could  be 
pinpointed.  At  the  conclusion  of  the  test,  oil  consumption  was 
computed  to  be  0.007  gal/hr.  Some  deposits  were  found  on  the 
magnetic  drain  plug.  (This  item  is  discussed  in  paragraph  3.5.2., 
Teardown  Inspection  Results.) 

3. 3. 2. 3  Post-Mission  Simulation  Testing 

Prior  to  the  post-mission  simulation  calibration  run,  the  engine 
igniters,  oil  and  oil  filter  element  were  changed.  Some  debris 
was  found  in  the  filter  element.  A  three-point  engine  calibration 
at  sea  level,  Mach  0.7,  standard  day  conditions  was  conducted, 
with  some  "sparking"  from  the  tail  pipe  reported  shortly  after 
the  engine  was  started.  Data  analysis  indicated  that,  compared 
to  the  "pre-test"  calibration  with  the  replacement  fuel  control 
unit,  SFC  had  improved  slightly  at  both  maximum  continuous  and 
cruise  power  levels  and  thrust  had  deteriorated  only  0.7  percent 
and  was  still  in  excess  of  the  specification  requirement.  Oil 
consumption  for  the  calibration  run  was  computed  to  be  0.041 
gal/hr  with  some  additional  debris  found  on  the  magnetic  drain 
plug. 

Total  engine  running  time  for  build  6  at  AEDC  was  17.0  hours  with 
13  starts,  two  of  them  cartridge-initiated.  The  engine  was  re¬ 
turned  to  WRC  on  22  April  1980. 

3.4  PERFORMANCE  ANALYSIS 

3.4.1  Summary 

Engine  828/build  6  was  scheduled  to  complete  both  hot  and  cold 
day  mission  simulation  cycles  with  inlet  airflow  distortion 
screen  GDI  in  place. 
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The  original  start  for  the  hot  day  mission  cycle  was  a  successful 
cartridge-initiated  type  with  a  start  time  of  6.25  seconds  (spec¬ 
ification  requirement  is  6.7  seconds). 

The  hot  day  mission  cycle  was  termijiated  at  a  point  1.04  hours 
into  the  test  when  the  fuel  control  unit  ceased  to  respond  to 
input  voltage  commands.  The  fuel  control  unit  was  replaced  with 
a  unit  which  was  first  run  through  the  F107-WR-400  engine  environ¬ 
mental  vibration  cycle  at  Bendix  Aerospace.  A  repeat  performance 
calibration  was  conducted  at  sea  level,  Mach  0.70,  standard  day 
conditions  after  which  the  engine  was  trimmed  to  yield  101.5 
percent  of  specification  maximum  continuous  thrust.  As  trimmed, 
HP  spool  speed  was  150  rpm  lower  than  the  initial  setting  at  WRC. 
The  hot  day  mission  cycle  was  reinitiated  with  a  compressed  air 
start  and  completed  without  further  incident.  Engine  operating 
temperatures  remained  within  limits  throughout  the  test  cycle  and 
maximum  continuous  thrust  was  measured  to  be  101.7  percent  of  the 
specification  requirement  immediately  prior  to  completion  of  the 
cycle. 

The  cold  day  mission  cycle  was  initiated  with  a  successful  car¬ 
tridge  start  at  1500  feet,  Mach  0.5  with  an  inlet  temperature  of 
-9°F.  The  temperature  of  the  air  surrounding  the  engine  was 
estimated  to  be  approximately  -9°F  at  the  time  of  the  start. 
Engine  start  time  was  9.3  seconds  as  compared  to  the  specification 
requirement  of  11.0  seconds. 

Engine  performance  throughout  the  cold  day  mission  cycle  was 
satisfactory  with  steady-state  data  indicating  an  SFC  8.5  percent 
below  the  specification  requirement.  Facility  problems  with  the 
liquid  air  supply  allowed  the  engine  inlet  air  temperature  to 
rise  up  to  a  value  of  15°F,  3.86  hours  into  the  cold  day  cycle. 
At  the  stabilized  inlet  temperature  maintained  during  the  last 
1.14  hours  of  the  cycle  (+15°F),  maximum  continuous  rating  thrust 
was  measured  to  be  101.7  percent  of  the  specification  requirement 
with  the  fuel  control  unit  delivering  a  maximum  of  509  Ibm/hr. 
Had  the  inlet  temperature  been  maintained  at  the  required  level, 
the  engine  would  have  only  developed  98.5  percent  of  specification 
thrust,  since  thrust  output  would  have  been  restricted  by  the  low 
setting  of  the  fuel  control  unit  maximum  fuel  delivery  stop.  The 
engine  would  have  required  a  fuel  delivery  rate  of  517  Ibm/hr  at 
a  fuel  temperature  of  -30°F  in  order  to  attain  100  percent  of  the 
specification  required  thrust.  Considering  the  test  conditions 
run,  the  fuel  delivery  rate  from  the  fuel  control  unit  should 
have  been  at  least  524  Ibm/hr.  Refer  to  Section  3. 4. 3. 4  for 
further  discussion  with  respect  to  fuel  control  unit  operating 
characteristics . 

The  sea  level,  Mach  0.70,  standard  day  performance  of  the  engine 
was  above  specification  with  a  cruise  rating  SFC  2.4  percent 
below  the  requirement.  The  post-mission  cycle  calibration,  when 
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compared  to  the  pre-mission  calibration,  demonstrated  an  additional 
0.2  percent  improvement  in  SFC.  By  the  same  comparison,  maximum 
continuous  rating  thrust  was  down  0.7  percent  when  observed 
during  the  post-mission  cycle  calibration. 

The  engine  air  bleed  system  delivery  exceeded  both  flow  rate  and 
pressure  requirements  by  10.0  percent  during  the  mission  simulation 
tests . 

3.4.2  Test  Results 

Engine  828  completed  all  of  the  scheduled  testing  in  accordance 
with  the  requirements  as  listed  in  Run  Program  QT-21  (ref.  Appendix 
B  of  this  document).  An  overall  performance  summary  is  shown  as 
Table  3-1  wherein  thrust  and  SFC  are  presented  relative  to  the 
PID  Specification  Engine  (Rev.  C)  and  operating  temperatures  and 
speeds  are  indicated  for  the  maximum  continuous  rating  PLA  setting 
of  +3 . 65  Vdc . 

Performance  results  from  the  WRC  prequalification  tests  and  the 
AEDC  trim  check  calibration  (sea  level,  static,  standard  day 
condition)  are  shown  in  Figures  3-1  through  3-5.  A  direct  com¬ 
parison  of  the  sea  level,  static  data  from  both  test  facilities 
is  presented  in  Table  3-II.  The  data  shown  for  operation  at  the 
maximum  PLA  setting  of  +3.65  Vdc  represents  performance  with  the 
original  fuel  control  as  trimmed  at  WRC. 

Figures  3-6  through  3-10  demonstrate  the  performance  recorded  for 
the  sea  level,  Mach  0.70,  standard  day  calibrations  with  IP  bleed 
airflow  and  a  five-horsepower  generator  load.  The  data  presented 
include  that  which  was  recorded  during  the  initial  performance 
calibration  at  AEDC,  the  recalibration  after  replacement  of  the 
fuel  control  unit  (refer  to  paragraph  3.4.1),  the  recertification 
performance  calibration  and  the  post-mission  simulation  performance 
calibration.  Table  3-1 I I  includes  data  extracted  from  these  six 
performance  curves  so  as  to  present  a  detailed  comparison  with 
the  F107-WR-400  specification  rating  points  at  Mach  0.7. 

Figure  3-11  presents  the  hot  day  mission  simulation  profile  which 
includes  a  cartridge  start  at  Mach  0.5.  Performance  data  recorded 
during  the  mission  cycle  are  presented  in  Figures  3-12  through 
3-18.  These  are  steady-state  data  recorded  during  fixed  throttle 
segments.  Data  are  shown  for  both  the  initial  attempt  to  conduct 
the  hot-day  cycle  and  the  second,  more  successful,  conduction  of 
the  hot  day  cycle  with  a  new  fuel  control  unit  installed. 

The  cold  day  mission  profile  is  presented  in  Figure  3-19.  Perform¬ 
ance  data  for  the  cold  day  mission  cycle  are  shown  in  Figures  3- 
20  through  3-26.  Figures  3-54  and  3-55  show  the  desired  and 
actual  inlet  air  and  fuel  supply  temperatures.  The  increase  in 
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these  temperatures  at  the  end  of  the  mission  cycle  reflects  the 
test  facility  problems  in  supplying  liquid  air,  which  caused 
engine  inlet  air  temperature  to  drift  above  the  specification 
value  required  for  the  test. 

HP  governed  speed  is  graphically  presented  as  a  function  of  inlet 
temperature  in  Figure  3-27.  The  effects  of  fuel  supply  temperature 
on  the  maximum  fuel  delivery  rate  are  shown  in  Figure  3-28. 

Engine  IP  air  bleed  system  performance  is  presented  in  Figures  3- 
29  and  3-30 . 

A  comparison  of  the  engine  start  performance  with  the  specification 
requirements  is  shown  in  Figure  3-31.  The  start  times  were  taken 
from  the  hot  and  cold  day  cartridge-start  time  histories,  shown 
in  Figures  3-32  through  3-35. 

3.4.3  Data  Analysis 

3. 4. 3.1  Sea  Level,  Static 

Engine  performance  for  sea  level,  static  conditions  at  AEDC  was 
better  than  that  observed  at  WRC  in  terms  of  both  thrust  and  SFC. 
Figure  3-1  shows  SFC  to  be  2.3  percent  lower  at  AEDC.  As  received 
from  WRC,  with  the  initial  fuel  control  unit  installed,  HP  spool 
speed  measured  at  AEDC  was  310  rpm  lower  at  the  maximum  continuous 
power  lever  command  voltage.  Even  with  the  governed  HP  spool 
speed  down,  thrust  was  measured  to  be  4.3  percent  better  than  at 
WRC  for  a  given  speed  (Figure  3-2).  This  increased  thrust  is  the 
result  of  a  450-rpm  increase  in  LP  spool  speed  (Figure  3-3). 
This  increase  has  previously  been  noted  with  other  engines  tested 
at  NAPC  and  AEDC  with  little  attendant  change  in  TIT  or  EGT. 
Such  is  the  case  of  this  engine  (Figure  3-4). 

3. 4. 3. 2  Sea  Level,  Mach  0.70,  Standard  Day 

Data  for  this  flight  condition  is  presented  in  Figures  3-6  through 
3-10.  A  detailed  comparison  with  the  performance  calculated  for 
the  F107-WR-400  specification  engine  (Table  3-III)  shows  an 
excellent  result,  with  cruise  rating  SFC  3.7  percent  below  the 
specification  maximum  value.  The  engine  performance  observed  for 
this  engine  at  Mach  0.70  is  probably  the  best  seen  in  the  qual¬ 
ification  test  series. 

The  reason  for  the  outstanding  performance  characteristics  observed 
cannot  be  identified  due  to  the  limited  instrumentation  installed 
on  the  engine.  The  engine  speed  match  (Figure  3-8)  was  up  670 
rpm  in  comparison  to  that  calculated  for  the  specification  engine. 
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Airflow  (Figure  3-6  and  Table  3-III)  was  2.3  percent  above  the 
specification  requirement  but  was  within  the  3.0  percent  tolerance 
band  allowed.  The  engine  had  an  "open"  (+2.0  percent)  first  tur¬ 
bine  nozzle  which  would  tend  to  drop  the  bypass  ratio  in  comparison 
to  the  specification  engine. 

3. 4. 3. 3  Hot  Day  Mission  Simulation 

The  hot  day  mission  simulation  data  are  presented  in  Figures  3-12 
through  3-18.  Data  are  compared  to  the  specification  requirements, 
running  with  bleed  airflow,  a  5.0-horsepower  generator  load,  and 
inlet  airflow  distortion  screen  GD-1  installed.  The  engine  was 
cycled  over  the  mission  profile  shown  in  Figure  3-11. 

Engine  performance  was  within  limits  throughout  the  test.  Data 
are  presented  for  testing  with  the  original  fuel  control  unit  and 
with  the  replacement  fuel  control  unit  installed.  The  initial 
endurance  cycle  was  terminated  after  1.04  hours  of  run  time  when 
the  fuel  control  unit  ceased  to  respond  to  command  voltage  changes. 
A  replacement  fuel  control  unit  was  fitted  to  the  engine  and  a 
trim  check  performed  at  the  Mach  0.70,  standard  day  condition. 
Trimmed  HP  spool  speed  was  observed  to  be  150  rpm  lower  than  had 
been  recorded  with  the  original  fuel  control  unit;  however, 
thrust  was  measured  to  still  be  4.7  percent  above  the  specification 
requirement  at  the  maximum  continuous  PLA  setting.  This  150  rpm 
change  in  trimmed  HP  spool  speed  can  also  be  seen  in  Figure  3-14. 
TIT  at  the  maximum  continuous  rating  (Figure  3-16)  shows  only 
minor  variations  throughout  the  hot  day  mission  cycle.  The 
highest  calculated  TIT  recorded  was  1820°F  at  a  point  88  minutes 
into  the  mission. 

3. 4. 3. 4  Cold  Day  Mission  Simulation 

The  cold  day  mission  cycle  was  conducted  according  to  the  mission 
profile  shown  in  Figure  3-19.  The  engine  performance  history  is 
presented  in  Figures  3-20  through  3-26.  Measured  thrust  (Figure 
3-20)  was  in  excess  of  the  specification  maximum.  Table  3-1 
shows  a  cold  day  SFC  9.0  percent  below  the  value  projected  for 
the  specification  engine. 

The  cold  day  mission  cycle  was  completed  successfully,  the  only 
irregularity  being  a  facility  failure  to  maintain  inlet  tempera¬ 
tures  and  fuel  temperatures  toward  the  end  of  the  cycle.  Figure 
3-54  demonstrates  that  the  facility  was  not  able  to  maintain  the 
required  inlet  temperature  during  the  high  speed  dash  at  the  end 
of  the  cold  day  cycle;  rather,  that  portion  of  the  cycle  was  run 
at  an  inlet  temperature  of  +15"F. 


Running  at  the  above  mentioned  deviant  temperature  value,  maximum 
continuous  thrust  was  measured  to  be  1.5  percent  above  the  specifi¬ 
cation  requirement  (Figure  3-20);  however,  the  fuel  control  unit 
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was  at  the  maximum  fuel  flow  limit,  which  Figure  3-21  shows  to  be 
only  509  Ibm/hr  as  calibrated.  Had  the  engine  been  run  at  the 
required  inlet  temperature  during  the  high  Mach  number  dash  seg¬ 
ment,  the  low  fuel  delivery  rate  from  the  fuel  control  unit  would 
have  restricted  maximum  continuous  thrust  to  a  value  1.5  percent 
below  the  specification  requirement.  Figure  3-28  demonstrates 
that,  as  calibrated,  the  fuel  control  unit  was  at  the  509  Ibm/hr 
maximum  fuel  delivery  rate  at  a  fuel  temperature  of  -2°F.  This 
is  a  value  15  Ibm/hr  below  the  lower  recommended  limit  at  that 
temperature.  A  maximum  fuel  delivery  rate  of  517  Ibm/hr  would  be 
required  for  this  engine  to  produce  100  percent  thrust  at  the 
required  inlet  temperature. 

The  F107  engine  fuel  control  units  are  adjusted  to  a  maximum  fuel 
delivery  rate  somewhat  lower  than  the  specification  engine  fuel 
delivery  limit  of  550  Ibm/hr.  That  procedure  has  been  established 
because  the  fuel  control  unit  is  adjusted  with  calibration  fluid 
at  room  temperature  conditions.  Cold  fuel  and  high  density  fuels 
both  tend  to  raise  the  maximum  fuel  flow  limit.  The  fuel  flow 
limit  is  established  and  must  be  maintained  in  order  to  protect 
the  engine  against  overpressurization  when  operating  at  cold  day 
inlet  conditions. 

In  Figure  3-28  it  can  be  seen  that  Engine  828  at  cold  day  con¬ 
ditions  required  517  Ibm/hr  of  fuel  to  attain  maximum  thrust. 
The  pre-test  calibration  of  fuel  control  unit  S/N  1443454  (a 
replacement  unit  installed  on  the  engine  at  AEDC,  Ref.  3. 3. 2. 2.1) 
demonstrated  a  maximum  fuel  delivery  rate  of  513.9  Ibm/hr  with 
the  calibration  fluid  at  60°F.  That  value  is  slightly  below  the 
acceptance  band.  The  post- test  calibration  of  that  fuel  control 
unit  demonstrated  a  maximiira  fuel  delivery  rate  of  517.3  Ibm/hr 
with  60° F  calibration  fluid.  Those  flow  rates  represent  the 
individual  calibration  of  fuel  control  unit  S/N  1443454  and  are 
not  representative  of  all  F107  engine  fuel  control  units. 

Data  for  Engine  828,  recorded  late  in  the  cold  day  mission  cycle 
with  both  the  engine  and  the  fuel  control  unit  heated  up  as  a 
result  of  4.8  hours  of  operation  (Figure  3-28),  indicates  that 
with  fuel  temperature  at  60°F,  the  fuel  delivery  rate  at  maximum 
power  would  have  been  502  Ibm/hr.  This  represents  a  reduction  of 
11.9  Ibm/hr  when  compared  to  the  fuel  control  unit  pre-test 
calibration.  It  is  evident  that  heat  soaking  and  thermal  expansion 
have  acted  to  depress  the  fuel  delivery  rate  from  the  fuel  control 
unit  even  though  cold  fuel  is  being  supplied  to  the  control. 

Total  fuel  temperature  range  calibrations  of  a  cold  F107  engine 
fuel  control  unit  with  a  JP-9  fuel  supply  have  demonstrated  that 
a  cold  fuel  control,  when  set  to  the  lower  maximum  fuel  delivery 
limit,  will  deliver  550  Ibm/^r  when  supplied  with  -65°F  fuel.  If 
that  same  fuel  control  unit  calibration  flow  rate  was  to  be 
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raised  5  Ibm/hr  with  60°F  calibration  fluid,  data  extrapolation 
would  indicate  that  the  cold  fuel  control  unit  would  deliver  555 
Ibm/hr  with  the  fuel  supply  temperature  at  -65° F.  Note,  however 
that  the  calibration  flow  rate  being  discussed  is  at  or  near  the 
lower  end  of  the  specification  flow  rate  tolerance  band  with  60° F 
calibration  fluid.  In  a  worst-case  situation,  with  maximum  fuel 
delivery  at  the  upper  tolerance  limit,  a  fuel  delivery  of  570 
Ibm/hr  would  be  possible  with  a  cold  fuel  control  unit  and  a  -65°F 
fuel  supply  temperature.  That  high  of  a  fuel  delivery  rate  would 
be  unacceptable  in  that  it  could  over-pressure  the  engine. 

3. 4. 3. 5  Post-Mission  Calibration  at  Mach  0.7,  Standard  Day 
Condition 

The  pre-  and  post-  mission  simulation  test  calibration  comparison 
is  presented  in  the  performance  summary  (Table  3-1).  Performance 
changes  were  minimal  with  the  SFC  deteriorating  by  less  than  0.5 
percent.  Maximum  continuous  HP  spool  speed  had  decreased  by  only 
50  rpm  which  yielded  a  0.7  percent  loss  in  measured  thrust.  The 
post-test  calibration  demonstrated  that  the  engine  still  met  all 
performance  requirements . 

3. 4. 3. 6  Fuel  Control  Unit  Performance 

The  engine  fuel  control  unit  maintained  governed  HP  spool  speed 
within  the  specification  limits  at  all  times.  Changes  in  governed 
HP  spool  speed  as  a  function  of  inlet  temperature  are  shown  in 
Figure  3-27.  The  engine  was  trimmed  at  WRC  to  an  HP  spool  speed 
of  62,610  rpm  at  an  inlet  temperature  of  36°F.  During  the  initial 
Mach  0.70  performance  calibration  at  AEDC  the  engine  ran  at  an  HP 
spool  speed  of  62,550  rpm  with  a  TIT  of  1785°F.  A  slight  drop  in 
maximum  governed  HP  spool  speed,  to  62,400  rpm,  was  noted  during 
the  hot  day  mission  cycle  but  the  engine  still  produced  thrust  in 
excess  of  the  specification  requirement. 

The  fuel  control  unit  was  replaced  after  failing  to  respond  to 
input  voltage  variations  during  the  hot  day  cycle.  The  replacement 
fuel  control  unit  was  trimmed  150  rpm  lower  than  the  previous 
unit  for  Mach  0.70,  standard  day  conditions.  Note  that  with  the 
replacement  fuel  control  unit  installed,  the  engine  once  again 
showed  a  drop  in  governed  HP  spool  speed  during  the  hot  day 
cycle.  The  fact  that  the  engine  demonstrated  a  loss  in  governed 
speed  with  two  separate  fuel  control  units  installed  suggests 
that  the  phenomenon  is  more  a  characteristic  of  the  engine  than 
of  the  fuel  control  unit. 

3. 4. 3. 7  IP  Air  Bleed  System  Performance 

The  air  bleed  system  on  Engine  828  was  capable  of  delivering  the 
required  airflow  and  pressure  at  all  conditions  tested.  Test 
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results  are  presented  in  figures  3-29  and  3-30  which  show  the 
observed  data  for  engine  828  in  comparison  to  the  F107-WR-400 
specification  engine.  The  better-than-specification  results  ob¬ 
served  on  this  engine  are  due  to  the  high  LP  spool  speed  which  is 
shown  to  be  700  rpm  over  that  calculated  for  the  specification 
engine  at  any  given  speed  match. 

3. 4. 3. 8  Start  Analysis 

Engine  828  completed  two  successful  cartridge  starts  to  initiate 
the  hot  and  cold  day  mission  simulation  tests.  The  start  time 
history  traces  for  these  two  starts  are  shown  in  Figures  3-32 
through  3-35.  A  comparison  with  the  F107-WR-400  specification 
start  requirements  is  shown  in  Figure  3-31.  The  test  cell  tempera¬ 
ture  around  the  engine  was  not  measured  on  the  cold  day  start  but 
with  the  45  minutes  required  to  condition  the  inlet  duct  tempera¬ 
ture  to  the  required  -9°F,  it  was  felt  that  the  cell  ambient 
temperature  was  approaching  -9®F  immediately  prior  to  the  start 
attempt . 

3. 4. 3. 9  Conclusion 

Engine  828  demonstrated  compliance  with  the  specification  perform¬ 
ance  requirements  for  the  F107-WR-400  engine.  The  maximum  contin¬ 
uous  rating  thrust  exceeded  the  specification  requirement  except 
where  restricted  by  the  low  maximum  fuel  stop  setting  in  cold 
climates.  A  low  maximum  fuel  delivery  rate  has  been  experienced 
on  other  qualification  engines  and  it  is  emphasized  that  the  fuel 
control  units  should  not  be  set  up  to  deliver  less  than  540 
Ibm/hr  at  a  fuel  temperature  of  -65°  F.  For  the  F107-WR-400 
engine,  Figure  3-28  shows  that  fuel  delivery  should  not  be  less 
than  528  Ibm/hr  with  RJ-4  fuel  at  -15° F. 

3 . 5  MECHAN I CAL  ANALYS I S 

3.5.1  Teardown  Inspection 

The  post-mission  simulation  test,  dirty  and  clean  teardown  inspec¬ 
tions  indicated  that  no  engine  hardware  had  failed  or  was  in 
danger  of  failure.  Minor  indications  of  light  seal  and  shroud 
rubs  were  present  and  were  considered  normal  for  an  engine  having 
completed  the  run  program  accomplished  with  Engine  828/build  6. 

There  were  two  items  of  significance  noted  during  the  teardown 
inspection.  The  first  item  was  that  one  of  the  13  balls  in  one 
of  the  accessory  drive  bearings  had  been  reduced  in  diameter  as 
shown  in  Figure  3-56.  The  other  12  balls  measured  normal  and 
little  or  no  distress  was  apparent  in  the  bearing  that  contained 
the  small  ball.  The  other  bearing  of  the  pair  appeared  to  have 
no  damage  and  measurements  appeared  normal .  No  accurate  estimate 
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of  remaining  service  life  is  possible;  however,  there  were  no 
signs  of  progressive  failure  present. 

The  second  significant  item  was  a  greater  than  normal  amount  of 
foreign  material  present  in  the  oil  reservoir.  Chemical  analysis 
of  the  particles  indicated  that  440C  stainless  steel,  bronze, 
aluminum,  and  300  series  stainless  steel  comprised  the  majority 
of  the  material  observed.  The  particles  were  most  likely  carried 
by  scavenge  oil  flow  into  the  reservoir  where  they  were  separated 
out  of  the  low  velocity  oil  stream.  Filtering  in  the  oil  supply 
system  would  have  prevented  any  of  the  particles  from  being 
carried  to  the  oil  jets.  There  was  no  evidence  of  excessive 
contamination  noted  in  the  oil  filter  and  the  oil  system  appeared 
to  have  operated  normally  throughout  the  test  program. 

3.5.2  Engine  Operating  Characteristics 

3. 5. 2.1  Oil  Sample  Analysis  Data 

The  oil  sample  analysis  data  presented  in  Table  3-V  was  derived 
from  laboratory  reports  provided  by  AEDC  (ref.  Appendix  G  of  this 
text)  and  is  presented  for  information  purposes  only. 

3. 5. 2. 2  Oil  and  Bearing  Temperature  Data 

The  oil  and  bearing  temperatures  and  oil  pressures  recorded 
during  the  testing  at  AEDC  are  compiled  in  Table  3-VII.  No 
unusual  trends  can  be  observed  from  this  information.  Results  of 
engine  oil  consumption  tests  are  presented  in  Table  3-VI. 

3. 5. 2. 3  Engine  Vibration  Data 

Engine  vibration  levels  recorded  during  the  testing  at  AEDC  are 
presented  in  Table  3-VIII.  No  unusual  indications  or  trends  can 
be  observed  from  this  data. 

3. 5. 2. 4  Fuel  Control  System 

The  results  of  the  pre-  and  post-  engine  test  measurements  on  the 
fuel  control  unit,  the  fuel  shutoff  valve  and  the  fuel  control 
inlet  air  temperature  sensor  are  shown  in  Appendix  E  of  this 
text.  The  fuel  control  unit  represented  in  these  tests  is  the 
unit  installed  at  AEDC  (S/N  1443454)  to  replace  the  unit  originally 
installed  at  WRC. 
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3. 5. 2. 2  Oil  and  Bearing  Temperature  Data 

The  oil  and  bearing  temperatures  and  oil  pressures  recorded 
during  the  testing  at  AEDC  are  compiled  in  Table  3-VlI.  No 
unusual  trends  can  be  observed  from  this  information.  Results  of 
engine  oil  consumption  tests  are  presented  in  Table  3-VI. 

3 . 5 . 2 . 3  Engine  Vibration  Data 

Engine  vibration  levels  recorded  during  the  testing  at  AEDC  are 
presented  in  Table  3-VIII.  No  unusual  indications  or  trends  can 
be  observed  from  this  data. 

3. 5. 2. 4  Fuel  Control  System 

The  results  of  the  pre-  and  post-  engine  test  measurements  on  the 
fuel  control  unit,  the  fuel  shutoff  valve  and  the  fuel  control 
inlet  air  temperature  sensor  are  shown  in  Appendix  E  of  this 
text.  The  fuel  control  unit  represented  in  these  tests  is  the 
unit  installed  at  AEDC  (S/N  1443454)  to  replace  the  unit  originally 
installed  at  WRC. 
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TABLE  3-II.  ENGINE  828/BUILD  6,  PERFORMANCE  COMPARISON,  WRC  TO  AEDC. 
(SEA  LEVEL,  STATIC,  STANDARD  DAY)^ 


I . 

At  N2/V^  =  N2  Test  at  +3.65  VDC  to  Fuel  Control 
Thrust  Fn/6  (100%  FM  min  -  INDICATE  %  FM)  ^ 

HP  Speed  Na/^  (63200  rpm  max) 

WRC 

Actuator 

100.8 

62,610 

AEDC 

102.3 

62,300 

LP  Speed  Ni/V^  (34755  rpm  max) 

33,400 

33,390 

EGT  EGT/0  (1130°F  max) 

1020 

1009 

TIT/e  (1925‘‘F  max) 

1805 

1788 

II . 

At  Fn/6  =  Fm 

EGT  EGT/e  (1130°F  max) 

SFC  SFC/0 (100%  SFCM  max  -  INDICATE  %  SFCM)^ 

1010 

-3.4 

1035 

-5.7 

Airflow  W^/6  (14.0  Ibm/sec  max) 

13.50 

13.60 

^3.19  Ibm/sec  min) 

HP  Speed  N2/^^B  (63200  rpm  max) 

LP  Speed  (34755  rpm  max) 

62,400 

33,200 

62,050 

33,050 

(31445  rpm  min) 

III. 

At  Fn/6  =  90%  Fm 

EGT  EGT/0  (1060“F  max) 

935 

990 

SFC  SFC/0 (97.4%  SFCM  max  -  INDICATE  %  SFCM) 

-2.7 

-5.7 

Airflow  W>/0/6  (13.39  Ibm/sec  max) 

12.95 

13.0 

^2.61  Ibm/sec  min) 

HP  Speed  ^2/^  (62883  rpm  max) 

61,300 

60,900 

(60417  rpm  min) 

LP  Speed  N1/V0  (33180  rpm  max) 

31,800 

31,700 

(30020  rpm  min) 

IV. 

At  Fn/6  =  75%  Fm 

EGT  EGT/0  (960°F  max) 

SFC  SFC/0  (94.1%  SFCM  max  -  INDICATE  %  SFCM) 

940 

-1.6. 

935 

-4.5 

Airflow  W/-/0/6  (12.46  Ibm/sec  max) 

(11.74  Ibm/sec  min) 

HP  Speed  N2/>/0  (60894  rpm  max) 

12.00 

59,500 

12.05 

59,050 

(58530  rpm  min) 

LP  Speed  N1//0  (31080  rpm  max) 

29,800 

29,600 

(28120  rpm  min) 

^  WRC  data  corrected  to  sea  level,  static,  standard  day  conditions. 


2  FM  is  minimum  thrust  at  the  maximum  continuous  rating  at  sea  level 
static  as  specified  in  Table  1  of  PID  Spec  24235WR9501A  SCN  010 
dated  17  October  1978. 

^  SFCM  is  maximum  SFC  at  condition  1. 
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Engine  trim  at  WRC  62,610  rpm,  thrust  641  lb  (+0.9%)  at 
maximum  continuous  with  initial  fuel  control  as  installed 
at  WRC. 
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-VIII.  ENGINE  828/BUILD  6,  ENGINE  VIBRATION  LEVELS  RECORDED  DURING  TESTING  AT  AEDC 
(INDIVIDUAL  TEST  PERIOD  CONTENT  DETAILED  IN  TABLE  3-IX) 
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TABLE  3-IX.  ENGINE  828/BUILD  6,  QUALIFICATION  TESTING  AT  AEDC, 
INDIVIDUAL  TEST  PERIOD  CONTENT. 


WillMins  RMMrch  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


I 

f 


1 

41 

rH 

X3  C  E 

ft 

• 

COO 

■r4 

CNJ 

X3  (0  U  1-1 

ft 

♦ 

>1 

4)  P 

r'H 

<VJ 

rH 

in  )-i  4) 

•H 

• 

i-H 

3  4)  M  = 

45 

CO 

m 

43  P  3  O' 

p 

• 

u 

U  P  P  C 

CO 

H  -H 

-H  45  -H 

E  O' 

O  P 

U)  p  M  .X 

0  3 

X! 

td  <0 

E  4)  1-1 

ft 

4)  04  45 

p  ft 

45 

in 

p  4)  E  Q. 

M 

H 

fO  4> 

J3  P  0)  Vl 

O'  c 

O' 

o 

3 

O  P  P  = 

CP 

fC 

u 

TJ  O' 

0 

H  45 

l~t 

•H  C 

ftp  S  - 

x:  M 

45 

jG 

>  ri 

P  o  c 

M  X3 

ft 

a> 

■H  P 

>1  41  P  o 

45 

■a  M 

P  U  P  -H 

ft  u 

41 

tn 

.c 

c  o 

P  0  0)  TJ 

in  *H 

U 

H 

H  Q, 

P  P  H  to  41 

p 

C 

J 

4)  t3 

4> 

-H  03  iCP  > 

41  41 

41 

p 

E  (U 

4>  In 

U  41  £1-1 

E  G 

1-1 

to 

o  > 

C 

4J  P  P  41 

0  O' 

41 

[d 

(0  ^ 

O  4) 

<4-1  4)  c  in 

in  45 

l4H 

0^ 

0) 

r-1 

P  P  -r-t  ja 

E 

41 

^  in 

'  a  ■ 

-  o  c  o 

1-1 

T5 

T3  ja 

XJ  3 

X3  P  41 

TJ  G 

'w» 

0) 

0)  o 

4)  O 

41  O'  P  41 

41  0 

4J 

p 

o 

P  G  P  41  ft 

P 

L> 

4) 

4)  in 

4)  O 

4)  'H  O  'H 

05  in 

Q 

6 

PM  ft 

f-H  ‘iH 

Cd 

0. 

a  <u 

SX  in 

O4  4)  in  rH  rH 

ft  M 

< 

g 

E  > 

E  4) 

E  41  03  0  p 

E  X) 

O 

O  4) 

O 

0  1-1  0  1-1  43 

0  41 

P 

u 

O  P 

U  P 

0  P  P  P  P 

0  XJ 

45 

-P 

•H 

G 

0 

o  rs 

C 

o  c 

c 

0 

rH 

a  « 

o 

-W 

0 

0) 

H 

4-) 

•p 

p 

45 

p 

a<  s 

fO 

G 

a:  o 

i— « 

0 

0 

3 

E 

U 

n  o 

E 

C 

r-f 

0)  (U 

•H 

o 

in 

rH 

C  JS 

w 

•1-^ 

41 

u  u 

p 

c 

0 

<u 

c 

0 

<4H 

>  0) 

o 

J-i 

-H 

o  c 

'H 

p 

in 

c 

+-> 

O'H 

in 

in 

0 

c 

U 

in 

r-1 

•  H 

41 

> 

s  c 

H 

45 

£ 

+- 

£ 

a  (V 

E 

O 

45 

4) 

H 

£ 

>1 

U 

U 

O 

•H  4->  W 

>. 

C 

45 

Xl 

45 

U 

x  u  c 

o 

T3 

• 

rH 

n 

ra  :3  3 

T? 

•r4 

rH 

ft 

ca 

E  T)  M 

P 

'V 

45 

41 

o 

C 

45 

rH 

0 

p 

(U  o  J»: 

o 

u 

0 

c  u  u 

J3 

u 

4J 

<*H 

4) 

in 

0 

O'  •£ 

P 

-rH 

p 

41 

c-  u 

U 

P 

u 

P 

G 

V  TJ 

3 

3 

1 

0 

0)  E 

XJ  P 

4J 

X3  P 

P 

H 

■P  0)  ri 

c  to 

O 

c  to 

in 

p 

(u  a  M 

O  4) 

4) 

0  41 

0 

45 

W  W  P 

U  P 

a; 

U  P 

ft 

rH 

rH 

nj 

P 

G 

•H 

H 

CO 

0 

u 

p 

H  Q 

O 

41 

O 

CN 

ro 

0 

Q  P6 

<N 

CN 

CS| 

CVJ 

CNJ 

Q 

<  PLJ 

- 

3-24 
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Engine  828/Build  6,  Net  Thrust  versus  HP  Spool  Speed, 
Comparison  of  WRC  and  AEDC  Data  (Sea  Level,  Static, 
Standard  Day) 
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Figure  3-6. 


NET  THRUST  ~  LBS 


Engine  828/Build  6,  Airflow  and  Specific  Fuel  Consump¬ 
tion  versus  Net  Thrust,  AEDC  Performance  Calibration 
Data  (Sea  Level,  Mach  0.70,  Standard  Day) 
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Figure  3-7 


Engine  828/Build  6,  Net  Thrust  versus  HP  Spool  Speed, 
AEDC  Performance  Calibration  Data  (Sea  Level,  Mach  0.70 
Standard  Day) 
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Figure  3-15.  Engine  828/Build  6,  Time  History  of  LP  Spool  Speed,  Hot  Day 
Mission  Simulation  (Various  Flig’it  Conditions) 


-16.  Engine  828/Build  6,  Time  History  of  Turbine  Inlet  Temperature 
Hot  Day  Mission  Simulation  (Various  Flight  Conditions) 
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Figure  3-20.  Engine  828/Build  6,  Time  History  of  Net  Thrust,  Cold  Day  Mission 
Simulation  (Various  Flight  Conditions) 
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Figure  3-22.  Engine  828/Build  6,  Time  History  of  HP  Spool  Speed,  Cold  Day 
Mission  Simulation  (Various  Flight  Conditions) 
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Figure  3-24.  Engine  828/Build  6,  Time  History  of  Turbine  Inlet  Temperature 
Cold  Day  Mission  Simulation  (Various  Flight  Conditions) 
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Figure  3-25.  Engine  828/Build  6,  Time  History  of  Exhaust  Gas  Temperature, 
Cold  Day  Mission  Simulation  (Various  Flight  Conditions) 
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26.  Engine  828/Build  6,  Time  History  of  Engine  Airflow,  Cold  Day 
Mission  Simulation  (Various  Flight  Conditions) 


Figure  3-27,  Engine  828/Build  6,  HP  Governed  Speed  as  a  Function  of  Inlet 
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Figure  3-29.  Engine  828/Build  6,  Bleed  Air  System  Performance, 
AEDC  Performance  Calibration  Data 
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Figure  3-30.  Engine  828/Build  6,  Bleed  Air  System  Performance,. 
Hot  and  Cold  Day  Mission  Simulation  Data 
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3-31.  Engine  828/Build  6,  Cartridge  Start  Times  as  Compared 
to  Ambient  Temperatures,  Hot  and  Cold  Day  Mission 
Simulation  Tests 
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Figure  3-33.  Engine  828/Build  6,  Time  History  of  Start  Cartridge 
Pressure,  Hot  Day  Mission  Simulation  Cartridge  Start 
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Figure  3-34.  Engine  828/Build  6,  Time  History  of  Compressor  Discharge  Pressure 
LP  Spool  Speed  and  HP  Spool  Speed,  Cold  Day  Mission  Simulation 
Cartridge  Start 


828/Build  6,  Time  History  of  Start  Cartridge  Pressure 
y  Mission  Simulation  Cartridge  Start 
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Figure  3-37.  Typical  F107  Engine  Installation  in  Vibration  Test  Fixture 
(Front  View) 
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-38.  Typical  F107  Engine  Installation  in  Vibration  Test  Fixture 
(Rear  View) 
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39.  Typical  F107  Engine  Installation  in  Test  Cell  T-5  at  AEDC 


Figure  3-40.  Typical  F107  Engine  Installation  in  Test  Cell  T-5  at  AEDC 
(Closeup) 


Figure  3-43.  Graphic  Presentation  of  PLA  Settings  for  Terrain-Following 
Cycle  No.  1 
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Figure  3-44.  Graphic  Presentation  of  PLA  Settings  for  Terrain-Following 
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Figure  3-48.  Engine  828/Build  6,  Time  History  of  Inlet  Pressure  (Specification 
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Figure  3-49.  Engine  828/Build  6,  Time  History  of  Test  Cell  Pressure  (Specifi¬ 
cation  Compared  to  Actual  Values) ,  Hot  Day  Mission  Simulation 
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-51.  Engine  828/Build  6,  Time  History  of  Fuel  Temperature  (Specif i- 
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Figure  3-52.  Engine  828/Build  6,  Time  History  of  Inlet  Pressure  (Specifi¬ 
cation  Compared  to  Actual  Values) ,  Cold  Day  Mission  Simulation 
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Figure  3-55.  Engine  828/Build  6,  Time  History  of  Fuel  Temperature  (Specifi¬ 
cation  Compared  to  Actual  Values)  Cold  Day  Mission  Simulation 
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Figure  3-56.  Engine  828/Build  6,  Condition  of  Accessory  Drive  Bearings  Ob¬ 
served  During  Post-Mission  Simulation  Teardown  Inspection 
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APPENDIX  A 

PRE-  AND  POST-TEST  DIMENSIONAL  DATA 


This  Appendix  is  a  compilation  of  pre-  and  post-test  measurements 
on  critical  engine  components . 
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APPENDIX  B 

F107-WR-400  RUN  PROGRAM  NO.  QT21 
6  NOVEMBER  1979 

ADDENDUM  NO.  1  TO 
F107-WR-400  RUN  PROGRAM  QT21 
15  NOVEMBER  1979 

ADDENDUM  NO.  2  TO 
F107-WR-400  RUN  PROGRAM  QT21 
25  MARCH  1980 

ADDENDUM  NO.  3  TO 
F107-WR-400  RUN  PROGRAM  QT21 
7  APRIL  1980 
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7  November  1979 


CMEP  1-0773 


Department  of  the  Air  Force 
Aeronautical  Systems  Division 
Wright  Patterson  Air  Force  Base 
OH  4S433 

Attention:  YZET/Charles  Hutcheson 

Subject:  Transmittal  of  F107-WR-400  Run 

Program  No.  QT21  to  Arnold 
Engineering  Development  Center  (AEDC) 

Gentlemen: 

Attached  are  two  copies  of  '‘F107-WR-400  Run  Program  No.  QT21," 
dated  6  November  1979  pertaining  to  Mission  Simulation  Endurance 
Qualification  testing  to  be  performed  on  Engine  No.  828 
scheduled  for  January  1980.  This  run  program  is  being  provided 
as  a  guide  and  supplement  to  the  Qualification  Test  Plan  CMEP 
91-4043G,  Report  78-145-8,  18  October  1979,  Approval  Copy  Version 
(QTP)  to  aid  in  performing  the  test.  The  QTP  should  be  referred 
to  for  detailed  information  and  to  complete  the  "definition  of 
testing"  requirements.  I  am  forwarding  this  run  program  to  you 
for  your  review  and  transmittal  of  a  signed  copy  to  J.  Fergus 
at  AEDC  upon  your  acceptance  of  the  QTP  and  the  attached  run 
program. 

Sincerely, 

WILLIAMS  RESEARCH  CORPORATION 

F.  L.  Sole 

Sr.  Development  Engineer 
FS/el 

cc:  Letter  and  Attachment 

R.  Lewis 
J.  Fergus  (AEDC) 


R.  B.’  Balsley 
Program  Manager 


Letter  Only 


P.  Wood 
R.  Stephens 
B.  Beckett 


R.  Liposky 
D.  Merry 
R.  Conley 


Attachment 
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F107-WR-400  RUN  PROGRAM  NO.  QT21 
6  November  1979 


1.0  GENERAL  INFORMATION 

1. 1  Increment  Title 

F107-WR-400  Phase  II  Qualification  Testing 

1.2  Increment  Category 

1.2.1  Environmental  vibration  test  per  PID  specification 
(Reference  A)  paragraph  4.6.4.13.2  and  WR-400  QT  plan 
(Reference  B)  paragraph  3.3.3. 

1.2.2  Mission  simulation  endurance  qualification  test  on 
RJ-4  fuel  per  PID  specification  (Reference  A)  paragraph 
4.6.3.2g  amd  NR-400  QT  plain  (Reference  B)  pauragraph  3.2.4. 

1.3  Obiective  of  Test 

1.3.1  The  objective  of  the  environmental  vibration  teat  is 
to  demonstrate  that  the  F107-WR-400  engine  is  capable  of 
successfully  completing  an  environmental  vibration  test  as 
defined  in  paragraph  4.6.4.13.2  and  3.3.3  in  the  PID  spec¬ 
ification  amd  WR-400  QT  plan  respectively. 

1.3.2  The  objective  of  the  mission  simulation  test  is  to 
demonstrate  that  the  F107-WR-400  engine  is  capable  of 
successfully  completing  a  mission  simulation  enduramce  test 
with  simulated  terrain  following  as  defined  in  paragraph 
4.6.3.2g  and  3.2.4  in  the  PID  specification  and  WR-400  QT 
plan,  respectively. 

1. 4  Test  Schedule 

The  anticipated  calendar  testing  period  is  7  January  1980 
through  31  January  1980. 

1. 5  Test  Article  Configuration 

The  engine  to  be  tested  will  be  engine  No.  828  which  is  a 
Model  No.  XF107-WR-400  engine  P/N  1029110-108  with  OPEVAL  and 
QT  instrumentation. 

Paragraphs  2.1  and  2.2  of  the  WR-400  QT  plan  (Reference  B) , 
the  specific  parts  list  and  top  assembly  and  basic  assembly 
drawings  submitted  to  the  using  service  and  test  facilities 
should  be  referred  to  for  any  further  information  required 
relative  to  the  test  article  definition. 
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1.6  Teat  Cell  Configuration 

The  standard  test  cell  configuration  used  for  the  F107- 
WR-400  FSD  testing  will  be  used.  Capability  for  performing 
simulated  launch  starts  using  both  air  crank  and  pyrotechnic 
cartridge,  tmd  the  pop  start  valve  is  required. 

Williams  Research  Corporation  (WRC)  supplied  engine  IP  bleed 
measuring  station  as  shown  in  Figure  1  will  be  used.  Detailed 
requiresMnta  concerning  cell  configuration  and  facility 
support  requirements  are  provided  in  the  WR-400  QT  plan 
(Reference  B) ,  Section  2.6. 


1.7  Security 

Security  is  as  specified  in  Cruise  Missile  Classification 
Guide  OPNAVINST  S-5513.2  of  25  January  1979. 

1.8  Engine  Operating  Limits 

The  engine  operating  limits  are  defined  in  the  tedsle  below.  i 

Two  sets  of  values  are  given  for  each  parameter.  Should  the 
engine  reach  the  Column  a  value,  the  on-site  WRC  representative 
is  to  be  informed  immediately.  No  further  action  is  to  be 
taken  unless  the  WRC  representative  deems  it  necesseury. 

Should  the  engine  then  reach  the  Column  B  value,  the  engine 
is  to  be  shut  down  immediately. 


Parameter 

LP  Rotor  Speed 

HP  Rotor  Speed 

EGT  Avg  Steady  State"! 

EGT  Ind  Steady  Statq; 

EGT  Ind  During  Start 

#1  Brg  Temp* 

#2  i  *3  Brg  Temp 
f4-5  6  *6  Scav  Oil  Temp 
Oil  Pressure  (Min) 

Oil  Pressure  (Max)  SS 
Vibration  Inlet** 

Vibration  Triax** 

Vibration  Rear  Hsg** 


A 


B 


Advise  WRC 
Representative 


Shut  Engine  Down 
38, boo  rpm 
65,000  rpm 


rpm 

64,000  rpm 
(Graph  to  be  provided  with  engine  vs 
\lnlet  Temperature 
(3TP  Fig  3-3 


300°F 
450°F 
450®F 


170Q°F 

350°F 

525°F 

525°F 


40  psig 
120  psig 
15  g's  rms 

15  g's  rms 

50  g's  rms 


30  Steady  State 
200  psig 
30  g's  on  any 
two  channels 
30  g's  on  any 
two  channels 
No  Limit 


*Bearing  temperature  limits  in  Column  B  are  to  be  compared 
to  the  coldest  reading  when  two  readings  are  available. 


**Correlation  of  control  room  monitor  vibration  readings 
and  the  actual  engine  location  and  direction  of  the 
accelerometer  (i.e.,  radial,  tangential  or  axial)  being 
read  is  required. 
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1 . 9  Governing  Documents 

In  the  event  of  conflict  between  this  document  and  the 
qualification  test  plem,  the  contents  of  the  qualification 
teat  plan  shall  be  considered  a  superseding  requirement.  I^ems 
^2  and  40  on  the  test  summary  sheets  are  an  exception  to  this. 

2.0  INSTALLATION 

2.1  Installation  requirements  are  defined  in  paragraph  3.2.4 
of  the  WR-400  QT  plan  (Reference  B) . 

3.0  DATA  ACQUISITION 

3 . 1  Instrumentation 

The  engine  instrumentation  requirements  are  as  shown  on  the 
attached  instrumentation  requirements  sheets  and  Table  2- IV 
and  Appendix  B  of  the  WR-'400  QT  plan  (Reference  B)  . 

3.2  Data  Required 

Data  acquisition  requirements  are  as  defined  in  paragraph 
3. 2. 4. 6  and  2.6.3  of  the  WR-400  QT  plan  (Reference  B) . 

Steady  state  data  during  the  mission  simulation  is  to  be 
taken  for  those  items  indicated  by  Table  3-1  of  reference 
B. 


3 . 3  Data  Reduction  Requirements 

The  current  T-5/F107  Data  reduction  program  will  be  used 
to  compute  engine  performance.  The  value  of  the  turbine 
flow  parameter  is  TBD.  All  other  engine  constants  currently 
being  used  in  the  data  reduction  program  remain  unchanged 
except  exhaust  nozzle  angle  value  and  direction  must  be 
compatible  with  the  F107-WR-400  engine  nozzle.  A  second 
calculation  of  engine  performance  will  be  required  using 
theta  «  (T2/518.67)  0.67  for  fuel  flow  correction.  Plots  of 
data  required  are  specified  in  paragraph  2.73  and  Tedsles  2-V 
and  2-VI  of  the  WR-400  QTP.  A  calculation  of  turbine  inlet 
temperature  will  be  required  also. 

4.0  TEST  PROCEDURE 

4. 1  Test  Sequence 

Due  to  the  nature  of  these  tests,  they  must  be  run  in 
the  sequence  given  on  the  attached  test  summary  sheet. 


I 
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4.2  Oil  Conaumption 

Oil  consuaiption  shall  be  determined  before,  during  and  after 
the  mission  simulation  endurances.  The  consumption  before 
and  after  the  endurance  shall  be  computed  during  the  pre  and 
post  calibrations,  items  16  and  40  respectively  on  the 
attached  F107-WR-400  test  summary  sheets.  Oil  consumption 
during  the  mission  simulation  endurances  shall  be  determined 
after  items  29  and  37  on  the  test  sumnary  sheet.  The 
"Drain  and  Heigh*  method  will  be  used  to  compute  these 
consumptions.  MIL-L-23699  oil  will  be  used  in  the  engine 
main  oil  tank. 

4 . 3  Environmental  Vibration 

The  environmental  vibration  test  is  to  be  performed  as 
defined  in  paragraph  3.3.3  of  the  WR-400  QTP  (Reference  B) . 
This  test  is  to  be  completed  prior  to  shipping  the  engine 
to  AEDC. 

4.4  Initial  Engine  Start  and  Checkout 

Upon  completion  of  the  engine  installation  in  the  test 
cell,  the  fuel  system  is  to  be  purged  of  air  and  pres¬ 
surized  per  Appendix  H  of  the  HR-400  QT  plem  (Reference  3) . 

Engine  is  to  be  operated  as  defined  in  Appendix  C,  paragraph 
8.0,  of  the  HR-400  QT  plan  (Reference  B)  in  order  to  check 
out  all  instrumentation  hook-ups  emd  perform  an  engine 
trim  check. 

4.5  Engine  Calibration  Under  Simulated  Flight  Conditions 
(Pre-endurance  Calibration) 


The  pre-endurance  calibration  is  defined  in  paragraph  2.7.3 
of  the  HR-400  QTP  plan  (Reference  B)  and  is  to  be  completed 
as  part  of  the  testing  defined  by  paragraph  4.4  of  this 
run  program. 

4.6  Hot  and  Cold  Day  Mission  Simulations 

After  completing  paragraph  4.5  above,  perform  the  high 
and  low  temperature  mission  simulation  test  as  defined 
in  paragraph  3.2.4  of  the  WR-400  QT  plan  (Reference  B) . 
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4.7  Post-Endurance  Calibration 

The  post-endurance  calibrations  are  defined  in  paragraphs 
3. 2. 4. 8  and  3.2.4.10  of  the  WR-400  QT  plan  (Reference  B) 
and  are  to  be  completed  as  part  of  the  testing  defined  by 
paragraph  4.6  of  this  run  program. 


Reference:  A.  Prime  Item  Development  Specification 

24235WR9501A.  December  1978 

B.  Qualification  Test  Plan  CMEP  91-4043G 
Report  No.  78-145-8  18  October  1979 

Approval  Copy  Version 
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ATTACHMENT  Mo.  1 

Engine  S/N  828  Oil  Consumption  Measurement 


The  following  procedure  is  intended  to  give  a  good  measurement 
of  oil  consumption  during  the  portions  of  testing  on  engine 
S/N  828  indicated  in  the  following  table: 


Oil 

System 

Required 

Summary  Sheet 

Test 

Engine 

Engine  euid 

Oil 

Type 

Item  No. 

Description 

only 

Aux  Tank 

Eng 

Aux 

X 

16 

Pretest  Calib 

X 

* 

X 

27-29 

Mission  Sim  Hot 
Recertification 

X 

* 

X 

35-37 

Mission  Sim  Cold 
Endurance 

X 

* 

X 

40 

Recalibration 
Base  Line  Check 

X 

* 

♦Oil  type  is  MIL-L-23699 


The  table  specifies  when  checks  are  required  and  whether  check  is 
only  using  engine  oil  system  or  both  engine  and  the  auxiliary  oil 
system.  Oil  types  that  will  be  used  in  the  main  temk  euid  the 
auxiliary  oil  tank  are  indicated  in  the  above  table.  For  each 
consumption  run,  it  will  be  necessary  to  document  the  specific 
gravity  of  the  oil  in  the  engine  before  and  after  the  run  in 
order  to  accurately  compute  consumption  in  gallons  per  hour. 

These  specific  gravity  checks  should  be  made  after  the  oil  has 
cooled  to  approximately  75°F.  All  oil  drained  from  the  system 
is  to  be  retained  and  returned  to  WRC  with  the'  engine.  Each 
container  is  to  be  tagged  as  to  which  part  of  the  engine  it 
was  drained  from,  date  drained,  and  time  drained. 

Detailed  procedures  for  computing  consumption  using  engine  oil 
system  only  and  engine  and  auxiliary  oil  systems  together  are 
provided  below.  In  calculating  the  oil  consumption  for  the 
test  using  the  methods  defined  below,  care  must  be  taken  to 
determine  the  exact  amount  of  oil^.'put  in  the  engine  and  drained 
from  the  engine.  For  example,  if^  the  oil  is  put  in  a  beaker 
or  graduate  for  easier  pouring  into  the  engine,  that  beaker 
or  graduate  should  be  weighed  clean,  with  the  oil  in  it  and 
after  the  oil  has  been  poured  into  the  engine.  It  takes  very 
little  oil  clinging  to  the  container  to  alter  the  measurement. 
Some  rough  checks  indicate  that  2-3  grams  cling  to  the  container 
every  time  it  is  used,  and  this  can  represent  10  to  15  percent 
of  the  oil  usage  during  a  20  minute  run. 
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1.8.12  Determine  the  volume  olkoil  in  the  engine  the 
beginning  of  c^e  test  from  the  wexljht  in  1.5.5  and  the'v 
specific  gravit^from  1.5.5.  Record^ _ ^ _ ^gallon^ 


,1.8.13 


Determin^the  volume  of  oil  iK  the  engine  oil 


Jc  at  the  end  of  the  test  from  1.8.4  and  1.8.5. 


1.8 
the  en 
either 


Determine  the  vblvpie  of  oil  In  the  cavity  at 
the  test  from  1/8^6  and  the  specif icX^ravity  from 
.6  or  1.8.5.  Record  gal^ns . 


1.8.15 
(1.8.10)  +  ( 


the  voltjme  of  oil  consumed  durin^Jtest. 
12)  -  (1.8.13)  -  (^.8.14).  Record  resHj.ts. 
ons. 


1.8.16  Determine  oil  consumptiohyrate  in  gal/hr  fronN 
engine  run  time Xrecord  X  and  the  oil  consume 

Lt.  ^1/hr. 

NOTE;  Before  operating  engine  agaiX,  be  sure 
englneS)es  been  serviced  w><;h  oil. 


2.0  OIL  CONSUMPTION  MEASUREMENT  -  Engine  System  Only 


2.1  The  procedure  for  performing  an  oil  consumption  chec)c 
using  the  engine  oil  system  only  is  defined  below.  Steps  2.1.1 
through  2.1.5  must  be  completed  within  30  minutes  of  shutdown 
following  an  engine  run  equivalent  as  a  minimum  to  the  warm 
up  run  defined  in  attachment  no.  2. 


2.1.1  Drain  the  engine  oil  tanic  wd  the  2-3  cavity  for 
eight  minutes  if  not  already  drained.  Replace  the  oil  tanic 
and  gearbox  drain  plugs. 


2.1.2  Weigh  the  empty  container  that  will  be  used  to  add 

oil  to  the  engine.  Record  weight  _ . 

2.1.3  Add  825  ml  of  the  oil  specified  by  the  table  edjove 

to  the  container  and  weigh  the  container  with  the  oil  in  it. 
Record  weight  _ . 

2.1.4  Pour  the  oil  from  the  container  into  the  engine  oil 

tanic.  Then  weigh  the  container  and  record  weight  _ 

2.1.5  Determine  the  amount  of  oil  added  to  the  engine  by 

subtracting  2.1.4  from  2.1.3.  Record  _ .  Measure 

specific  gravity  of  oil  from  the  batch  of  oil  used.  Record 
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2.2  Perform  the  engine  run  during  which  oil  consumption  is  to 
be  measured. 

2.3  The  following  steps  are  necessary  to  determine  oil  consumption 
after  completing  2.2  above. 

2.3.1  Weigh  the  container  that  the  oil  will  be  drained  into 

and  record  the  weight  . 

2.3.2  At  10  minutes  after  shutting  the  engine  down,  begin 
draining  the  oil  from  the  engine.  Drain  both  the  oil  tank  and 
the  2-3  cavity  into  the  container.  Drain  for  eight  minutes. 

Weigh  the  oil  and  the  container.  Record  weight _ . 

2.3.3  Subtract  the  weight  of  the  container  2.3.1  from  the 

%reight  of  the  oil  and  container  2.3.2  to  obtain  the  weight  of 
the  oil  drained.  Record  weight  _ . 

2.3.4  Subtract  the  weight  of  the  oil  drained  from  that  of 

the  oil  added  in  2.1.S  to  determine  the  weight  of  oil  consumed. 
Record  _ ^ _ . 


2.3.5  From  the  weight  of  oil  consumed  2.3.4,  the  specific 

gravity  of  the  oil  2.1.5,  and  the  engine  run  time,  calculate 
the  oil  consumption  rate  in  gal/hr.  Record  _ . 

2.3.6  Install  the  drain  plugs  in  the  oil  tank  drain  and  the 
2-3  cavity  drain. 

2.4  WOTSi  Before  operating  engine  again,  be  sura  engine 

has  been  serviced  with  oil. 


Jb/hr9 
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ATTACHMENT  WO.  2 
ENGINE  HARM  OP  RON 

I 

5  September  1979 
Paqe  I  oC  1 

1.  Service  engine  oil  system,  if  required,  per  direction  of  WRC. 

2.  Air  start  to  idle. 

3.  Run  2  minutaa  at  idle  while  checlcing  engine  health  parameters. 

9 

4.  Accel  to  SOK  Nj  -  run  6  minutes  minimum. 

5.  Decal  to  idle  >  run  2  minutes  cooldown. 

6 .  Shut  down . 

7.  Drain  engine  oil  -  minimum  drain  time  is  8  minutes  to  assure 
thorough  draining. 

jb/hr9 
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CMEP  1-0786 


Oapartaiant  of  the  Air  Force 
Aeronautical  Systems  Division 
Wright-Patterson  Air  Force  Base 
OH  4S4J3 

Attention :  VZET/Charles  Hutcheson 

Subject:  Transmittal  of  F107-WR-400  Addendum 

No.  1  to  F107-WR-400  Run  Program  No. 

0T21  to  Naval  Air  Propulsion  Center 
(NAPC) 

Gentlemen: 

Attached  are  two  copies  of  "Addendum  No.  1  to  F107-WR-400 
Run  Program  No.  QT21,*  dated  15  November  1979.  This  addendum 
pertains  to  addition  of  oil  tank  pressure  instrumentation  to 
and  revisions  to  engine  operating  limits  for  engine  No.  329. 

I  am  forwarding  this  addendum  to  you  for  your  review  and 
transmittal  of  a  copy  to  R.  Burns  it  NAPC  upon  ynar  acceptance 
of  it . 

Sincerely. 

WILLIAMS  RESEARCH  CORPORATION 


F,  L.  Solo 

Sr.  Development  Engineer 


mr/mrl 

cc:  Letter  and  Attachment: 

R.  Lewis 
R.  Burns  (NAPC) 


R.  U.  Ualslcy  / 
Program  Manage 


Letter  Only: 

P.  Wood  D.  Best 

R.  Stephens  D.  Merry 
B.  Beckett  R.  Conley 


Attachment (s) 


atf«  WIST  MaiLl  soao  .  wallid  lake. 

ANIR  eoof  )t|  •!«-«]#•  ■  rwa  no 


MICHIGAN  •  4I0II 

1*011}  till 
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ADDENDUM  NO.  1  TO 
F107-WR-400  RUN  PROGRAM  NO.  QT21 
IS  November  1979 


Reference:  F107-WR-400  Run  Progreun  No.  QT21,  dated 

6  November  1979 


The  purpose  of  this  addendum  ia  to  provide  further  definition 
to  the  testing  required  on  Engine  No.  828.  The  testing  is  to 
be  performed  as  defined  in  the  above  reference  with  the 
following  exceptions : 

1.  The  following  instrumentation  is  added  to  the  instrument¬ 
ation  requirements  and  is  to  be  read  by  a  facility  transducer. 


Ootrtxol 

ParsMter  Total  No.  Toted  No.  Range  Steady  Trans-  Rocm 

Deslanation  Symbol  of  Rakes  of  Probes  Min  Max  State  ient  Monitor 


Pxmssurss  (PSIA) 

ornSnSTReSam  FTANK  1  1  0  40  ✓  /  / 


2.  In  paragraph  1.8,  Engine  Operating  Limits  of  reference  A, 
the  following  engine  operating  limits  are  revised  to  the  values 
indicated  below  or  added  as  indicated  below.  If  not  listed 
below,  the  limit  remains  as  cited  in  reference  A. 


PauTsaeter 


A 

Mvise  HRC 
Recreaentative 


Revised: 


#1  Brg  TB«qi» 

12  i  $3  Big  Tapp 
#4-5  i  #6  Scav  Oil 
Oil  Pressure  (Min) 
Oil  Pressure  (Max) 
Vibration  Inlet 

Vibration  Tilax 


300°P 
450'V 
Tanp  450't 

40  psig 

SS  120  psig 

15  g's  zms 

15  g's  ntB 


Added: 


B 

Shut  Biqine  Down 


350'V 

525°^ 

525'V 

30  psig  Steedy  State 
200  psig 
30  g's  on  any 
two  channels 
30  g's  on  any 
two  channels 


Oil  Tanic  Pressure 


Graph  bo  be  provided  with  engine 
Versus  ooerected  IP  rotor  speed 
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^Bearing  tamparature  limits  in  Column  B  are  to  be  compared  to 
the  coldest  reading  when  two  readings  are  availed>le. 

3.  Items  1>2  above  are  exceptions  to  paragraph  1.9,  Governing 
Documents  o£  reference  A. 

mr/mrl 
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CMCP  1-093S 


Department  of  the  Air  Force 
Aeronautical  Systems  Division 
Wright -Patterson  Air  Force  Base 
OH  45433 

Attention :  YZET/Charles  Hutcheson 

Subject!  Transmittal  of  F107-WP-400  Addendum 

No.  2  to  F107-WR-400  Run  Program  No. 

QT21  to  Arnold  Engineering  Development 
Center  AEDC 

Gentleman:  . 

Attached  are  two  copies  of  "Addendum  No.  2  to  F107-WR-400 
Run  Program  No.  QT21,*  dated  25  March  1980.  This  addendum 
delates  environmental  vibration  test  requirements  for  engine 
No.  828-6  to  be  tested  in  April  1980.  I  euD  forwarding  this 
addendum  to  you  fox  your  review  and  transmittal  of  a  copy 
to  J.  Fergus  at  AEDC  upon  your  acceptance  of  it. 

Sincerely , 

WILLIAMS  RESEARCH  CORPORATION 
F.  L.  Sole 

Senior  Development  Engineer 
mr/ha2 


Attachmnt  (s) 

cc:  Letter  Md  Attachment: 

B,  Cockshutt 
R.  Lewis 
J.  Fergus,  AEDC 
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Letter  Only : 

P ,  Wood 
B.  Beckett 
D.  Merry 
R.  Conley 
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ADDENDUM  NO.  2  to  F107-WR-400 
RUN  PROGRAM  NO.  QT2X 
25  March  1980 


Reference:  A.  F107-WR-400  Run  Program  No.  QT21,  dated 

6  November  1979 . 

B,  Addendum  No.  1  to  F107-WR-400  Run  Program 
No.  QT21,  dated  IS  November  1979. 

The  purpose  of  this  addendum  is  to  provide  further  definition 
to  the  testing  required  of  engine  No.  828-6  dtiring  April  1,  1980 
through  April  IS,  1980.  The  testing  is  to  be  performed  in  its 
entirety  as  defined  in  the  above  references ,  including  a  cart¬ 
ridge  start  at  the  beginning  of  each  cycle .  Exceptions  to  the 
definition  are  as  follows  : 

1.  Paragraphs  1.2.1,  1.3.1,  and  4.3  and  Item  No.  12  on  the 
Teat  Sunnary  Sheet  of  Reference  A  which  pertain  to  the 
environmental  vibration  portion  of  the  qualification  test 
are  deleted. 

2 .  Item  No ,  1  of  this  addendum  la  an  exception  to  paragraph 
1.9  Governing  Docvaaents  of  Reference  A. 


mr/ha2 
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9  April  1980 


CMEP  1-0951 


Department  of  the  Air  Force 
Aeronautical  Systems  Division 
Wright  Patterson  Air  Force  Base 
Ohio  45433 

Attention:  YZET/Charles  Hutcheson 

Subject:  Transmittal  of  F107-WR-400  Addendum  No.  3  to 

F107-WR-400  Run  Program  No.  QT21  to  Arnold' 

Engineering  Development  Center  (AEDC) 

Gentlemen :  ^ 

Attached  are  two  copies  of  "Addendum  No.  3  to  F107-WR-400  Riui 
Program  No.  QT21."  dated  7  April  1980.  This  addendum  pertains 
to  replacement  of  the  fuel  control  and  continuation  of  the  QT 
Phase  IZ  WR-400  mission  simulation  test  on  Engine  No.  828  that 
was  terminated  on  2  April  1980. 

I  am  forwarding  this  addendum  to  you  for  your  review  and  treuis- 
mittal  of  a  signed  copy  to  J.  Fergus  at  AEDC  upon  your  acceptance 
of  it. 


Sincerely, 

WILLIAMS  RESEARCH  CORPORATION 

F.  L.  Sole 

Senior  Development  Engineer 
ls/tc2 

Letter  and  Attachment 
cc :  B .  Cockshutt 
R.  Lewis 
J .  Fergus ,  AEDC 


R.  B.  Balsley 
Program  Manager 


Letter  Only 
P.  Wood 
B.  Beckett 
R.  Conley 
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ADDENDDM  NO.  3  to  F107-WR-400 
Run  Program  No.  QT21 
7  April  1980 


Reference  A:  F107-WR-400  Run  Program  No.  QT21,  dated 
6  November  1979 

B:  Addendum  No.  1  to  F107-WR-400  Run  Program 
No.  QT21,  dated  IS  November  1979 

C:  Addendum  No.  2  to  F107-HR-400  Run  Program 
No.  QT21,  dated  25  Harch  1980 


The  purpose  of  this  addendum  is  to  provide  further  definition 
for  the  testing  of  Engine  No.  828  currently  installed  in  cell 
T-5  at  AEOC.  Testing  was  terminated  on  2  April  1980  due  to  a 
lack  of  engine  response  when  a  change  of  power  level  was  coamanded. 

The  fuel  control  was  removed  and  is  to  be  replaced.  The  teat  is 

to  be  continued  as  defined  in  the  above  references  with  the  following  ‘ 

exceptions . 

1.  The  replacement  fuel  control  and  a  sat  of  ignitors  shall 
be  vibrated  on  another  engine  as  defined  in  Paragraph  4.3  of 
Reference  A  prior  to  being  Installed  on  Engine  No.  828. 

2.  Upon  completing  installation  of  replacement  fuel  control, 
the  engine  is  to  be  started  to  idle  and  a  leak  check  performed. 

Repair  leaks  as  required. 

3.  After  completing  Step  2,  check  engine  trim  by  performing 
a  slow  accel  to  ■•■3.65  VDC  PLA  or  engine  operating  limits  (whichever 
occurs  first) .  This  shall  be  performed  at  Reference  A  test 
summary  sheet  Item  16  conditions  (SL/0.70  standard  day  with  5.0 
shaft  horsepower  extraction,  bleed,  and  a  cleeui  inlet.) 

4.  After  Step  3,  adjust  engine  trim  if  necessary  (reference  A 

test  summary  sheet  Item  17)  to  HP  Speed  ~  62,550  ^  rpm 

at  ■•■3.65  VDC  at  SL/.70  standard  day  with  5.0  shaft  horse^wer 
extraction,  bleed  and  a  clean  inlet. 

5 .  After  Step  4 ,  perform  a  three  point  engine  calibration 
(Reference  A  test  summary  sheet  Item  No.  16  except  perform  only 
top  three  power  settings)  taking  two  data  points  at  ■•■3.65  and 
only  one  data  point  at  each  of  the  other  two  power  settings. 
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Addandua  No .  3 
7  April-  1980 
Pag«  2 


6.  After  Step  5,  at  the  same  flight  condition  and  engine 
loads  aa  Step  5i  perform  a  rapid  accel  -  decel  from  -7.15  to 
>3.65  to  -7.15  VDC  PLA  with  a  60  second  stabilization  period 

at  >3.65  to  enstire  speed  at  >3.65  is  repeatable  (within  t75 
RPM  of  trim  speed)  .  Adjust  engine  trim  accordingly  If  regtilred 
until  speed  is  repeatable. 

7.  After  Step  6,  replace  ignitors  with  those  that  trere 
vibrated  in  Step  1.  Also  Inspect  engine  for  fuel  and  oil 
leaks  and  repair  leaks.  If  repairs  are  required,  perform  a 
cheek  run  after  cosplating  the  repairs  (Item  24  of  Reference  A 
test  summary  sheet) . 

8.  After  Step  7,  perform  a  final  leak  inspection  if  a 
check  run  was  performed  and  service  oil  system  if  no  further 
check  runs  are  required.  (Item  25  of  Reference  A  test  sumaary 
sheet . ) 

9.  After  Step  8,  perform  the  mission  simulation  test 

as  defined  in  the  above  references  from  reference  A  test  summary 
sheet  Item  27  through  41  except  a  compressed  air  crank  start 
in  Item  27  shall  be  made  instead  of  a  cartridge  start  since 
a  cartridge  start  was  already  performed  for  that  item  on 
2  April  1980. 

10.  Steps  1  through  9  of  this  addendum  are  exceptions 
to  Paragraph  1.9  Governing  Documents  of  reference  A. 

Is/mb2 
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Subau'ei'ta'VitiWe  plated  conduit  assemblies 

to  meet  corrosion  resisteinee  requirements 
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Engine,  Turbofan, 

F107-WR- (noted) 
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M/A 
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Fuel  Control,  Main 
Turbine  Engine _ 
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••  otcUMiMO  ocvt*riOM/Mivc» 

□«»  Q" 
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to  Be  Negotiated 
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See  3] 

»  bClivIftY  isnssa - 

Lock  24 

None 


13.  0C3C«<«Tt0M  03  OrVIAriOM/MIvCR 

Reference:  Woodward  Governor: 


Request  for  Deviation  No.  WG-D-002 


Woodward  Governor  Company,  supplier  of  the  F107  CME  Main  Fuel  Control 
Units,  WRC  P/N  23850  and  23860,  requests  approval  to  rework  their 
Conduit  Assy,  P/N  5439-062  by  applying  electroless  nickel  plating 
per  MIL-C-26-74,  Class  1,  Grade  A  (.001  thick)  to  the  two  end  fittings, 
reidentify  the  assembly  as  P/N  539-70,  and  substitute  for  the  P/N  5439- 
066  Conduit  as  P/N  5439-70,  and  substitute  for  the  P/N  5439-066  Conduit 
Assy  specified  on  their  8061-007  and  8061-009  parts  lists. 


The  primary  need  for  the  proposed  deviation  concerns  the  F107  Component 
Qualification  Phase  of  the  23850  and  23860  Fuel  Control  Units  which  is 
currently  on  stop.  The  5439-70  Conduit  Assy  will  be  a  rework  of  the 
present  5439-062  Conduit  Assy  with  electroless  nickel  plating  applied 
to  the  Type  410  cast  and  Type  416  wrought  stock  ends,  both  of  which 
evidenced  corrosion  during  qualification  humidity  testing.  The  action 
taken  to  correct  the  corrosion  problem  was  to  change  the  materials  from 
Type  410  oast  and  416  wrought  stock  to  Type  347  stainless  steel  cast 
and  machined  ends. 

(continued  on  Attachment  A) 
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ATTACHMENT  A  Requost  for  Deviation 

No.  WRC  D-002 

atOCX  4  &  6  DESIGNATION  FOR  DEVIATION 

a.  MODEL/TYPE  -  This  deviation  is  applicable  to  Engine  Models; 
P107-WR-101,  F107-WR-102,  and  F107-WS-400. 

b.  SYSTEM  DESIGNATION  -  This  deviation  is  applicable  to  Systems 
designated;  AGM-86B,  AGM-109.  and  BGM-109. 

BLOCK  24  NEED  FOR  DEVIATION  (continued) 

The  secondary  need  concerns  continuation  of  the  FCU  Component 
Qualification  Test  (currently  on  stop)  and  utility  of  available 
hardware . 

Complete  conduit  assemblies  and  end  fittings  of  Type  410  and 
Type  416  stainless  steel  are  available  for  rework  for  all  the 
FCO's  presently  on  order.  The  electroless  nickel  will  provide 
the  corrosion  protection  required  by  the  specification.  Inter¬ 
changeability  is  not  affected. 

Approval  to  implement  the  rework  and  use  of  existing  haurdware 
will  permit  resumption  of  component  qualification  testing  and 
deliveries  without  further  schedule  delays,  and  thus  provide 
sufficient  lead  time  to  accomplish  the  incorporation  of  Type  347 
corrosion  resistant  stainless  steel  end  fitting  for  subseqnent 
production  follow-on. 

BLOCK  25  PRODUCTION  EFFECTIVITY  BY  SERIAL  NO. 

F107-WR-101  S/N  E000321  thru  E000342 

P107-WR-102  S/N  EOOOIOI  thru  B000122 

P107-WR-400  S/N  E000701  thru  E000758 
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JOINT  CRUISE  MISSILES  PROJECT  OFFICE 
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1  IS  Sit-  197(1 


From:  Concracclag  Officer,  Joint  Cruiae  Mlsalles  Project 

To:  Wllllaaa  Seaearch  Corporation,  Walled  Lake,  HI  &8088 

Via:  OCASO,  Ullllama  Reaearch  Corporation,  Walled  Lake,  HI  48088 

SubJ;  Contract  H00019-78-C-0206,  F107  Engine,  Deviation  -  001  and  -002, 
PCOL-E-78-138 


1.  Subject  deviaclona  have  been 'reviewed  and  ace  approved  contingent  upon 
WRC's  acceptance  of  the  coat/prlce  which  is  "to  be  negotiated"  at  not 
greater  than  zero  cost  to  the  Government. 
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Allow  parts  to  be  fabricated  to  casting  print  requirements,  except 
use  (347  SST) ,  03-221  (Plate,  Sheet  &  Stripl  or  C03-222  (Bars,  Wire), 
in  lieu  of  configured  casting,  t347  SSTl  03-241  (Investment  Casting) 
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IMMEBSlil 

Spark  Ignitor  Traeeabilit 


Turbofan  Engine 


•  I  eort  ««  AM*  m 

Engine  Aoeeabl 


M/A 


II.  I.OI  no. 

N/A 


No  Effect 


a.  MtCRiRTtQH  Of  MviariOfVMivCR 


Allow  uae  of  serialized,  nontraceable  ignitors  in  engines  remaining  under 
the  FSD  Program. 


The  vendor,  Champion  Spark  Plug  Co.,  has  notified  williams  Research  that 
they  will  not  provide  traceability  for  their  igniters.  The  vendor  states 
that  it  would  be  difficult  to  undertake  a  traceability  system  for  just 
one  igniter  typo  and  that  their  present  inspection  system  combined  with 
the  testing  required  by  the  WRC  igniter  procurement  specification  is 
sufficient  to  supply  a  quality  product. 


See  Attachment  A 
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ATTACHMENT  A 

D-051 

BLOCK  24: _ PRODUCTION 

4a/4c/10/16 

yiO,P,EL/TY?S 

SYS  aesiq  eug  p/n 

CLIN 

ENG 

S/g 

XF107-WR-101 

ACM- 36b 

1022951-106 

0002AA 

325 

XFI07-WR-101 

AGM-86B 

1022951-109 

0002AA 

1, 

(TBD) 

XFL07-WR-101 

AGM-86B 

1022951-110 

0006AK 

326 

Xri07-WR-101 

AGM-86B 

1022951-111 

000  2AA 

400 

-  402 

XF107-WR-101 

AGM-86B 

1022951-115 

0012AA 

326 

XF107-WR-102 

AGM-109 

1023700-102 

0002AA 

105 

XF107-WR-102 

AGM-109 

1023700-108 

0002AA 

1, 

(TBD) 

Xri07-WR-102 

AGM-109 

1023700-109 

0002AA 

200 

-  202 

YFI07-WR-102 

AGM-109 

1023700-111 

0002AN 

122 

' 

XP107-WR-400 

BGM-109 

1029110-107 

0012AA 

706 

XF107-WR-400 

BGM-109 

1029110-100 

0002AJ 

815 

XF107-WR-400 

BGM-109 

1029110-106 

0002AA 

1, 

(TBD) 

XFI07-WR-400 

BGM-109 

1029110-108 

0002AA 
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-  829 

.'<F107-WR-400 

aGM-109 

1029110-111 

0012AA 

706 

YF107-WR-400 

BGM-109 

1029110-100 

000 2AC 
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YP107-WR-400 
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1029110-101 

000 2AC 
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1029110-109 
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-  756 
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1029110-110 
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-  822 
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•  1  esMt  Of  «■  •«>•■&«  a«#<CTti  I4.  M«t  e*.  «■  fvet 

Bearing  * 

IT.  lot  kO. 

M/A 

20  ON  COfT.'MMiCC 

To  be  negotiated 

11.  rrri.M  M,  Xnuim  cUiifie  tMif  iw. - ' 

rrT??f?ni 

Mom 

«  filLivCAv  & 

K 

MbuLl - 

Non* 


Allow  ua*  of  bearing  listed  on  Attachment  A.  These  bearings  are 
serialized,  but  do  not  have  full  traceability. 


*S**  Attachment  A 


The  bearings  were  purchased  with  no  traceability  requirements.  Sub¬ 
sequently,  the  Government  directed  WRC  to  provide  fully  traceable 
bearing,  a  requirement  which  can  not  be  met  with  current  engine  test 
and  delivery  schedules.  All  bearings  purchased  after  this  lot  of 
bearings  shall  have  full  traceability  or,  at  the  Governments  request, 
this  requirement  would  be  dropped. 


.f. 
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10  Novembar  1978 
WRC  Waivar  W-036 
ATTACHMENT  A 

Blocks  8,  16  &  1-3beARINGS  AT  WRC  (RECEIVING  INSPECTION) 
OR  DUE  TO  BE  RECEIVED 


Dak* 

Vendor 

PO 

Aiak 

Data  Rac'd 

Che  ) 

27099 

3/29/77 

HRC 

91818 

263 

9/5 

A 

27099 

3/10/78 

HRC 

99864 

68 

8/21 

A 

27099 

11/11/77 

MRC 

97022 

77 

3/17 

A 

29056 

11/21/77 

BARDEN 

97039 

99 

7/20 

NC 

29056 

11/21/77 

BARDEN 

97040 

10 

7/26 

NC 

19301 

4/13/77 

MRC 

91849 

44 

4/5/78 

B 

19301 

10/4/77 

MRC 

'  96302 

288 

3/21/78 

B 

19301 

11/12/77 

MRC 

97023 

65 

B 

22988 

11/12/77 

HRC 

97024 

78 

7/11 

NC 

23372 

12/11/77 

FAFNIR 

97095 

20 

9/6 

NC 

29056 

11/21/77 

BARDEN 

97039 

99 

7/20/78 

29056 

11/21/77 

BARDEN 

97040 

35 

8/18/78 

27100 

1/21/77 

MRC 

89108 

7 

7/20/78 

27066 

3/17/78 

BARDEN 

99892 

9 

6/12/78 

29477 

10/14/77 

BARDEN 

99332 

70 

5/24/78 

29477 

10/26/77 

BARDEN 

96377 

10 

7/25/78 

29651 

2/13/78 

BARDEN 

98565 

52 

8/25/78 

29652 

10/22/77 

BARDEN 

96359 

75 

6/15/78 

29845 

12/12/77 

BARDEN 

97083 

25 

8/31/78 

27099 

6/15/76 

HRC 

83310 

3 

8/31/78 

27099 

MRC 

89107 

4 

8/31/78 

27099 

11/11/77 

MRC 

97022 

33 

8/31/78 

27100 

11/11/77 

MRC 

97021 

75 

8/31/78 

22098 

9/19/77 

SPLIT  BB 

94280 

65 

8/21/78 

22098 

3/25/77 

SPLIT  BB 

91813 

5 

8/21/78 

23383 

2/6/78 

SPLIT  BB 

98626 

25 

9/1/78 

22988 

11/12/77 

MRC 

97024 

13 

22098 

11/17/77 

SPLIT  BB 

97030 

25 

23371 

1/23/78 

FAFNIR 

98578 

20 

23410 

1/25/78 

NEW  HAMPSHIRE  98610 

50 

29843 

2/1/78 

NEW  HAMPSHIRE  98611 

20 

BLOCK 

A:  XF107- 

WR-400 

BLOCK  ( 

::  BGM-109 

Yri07-WR-400  AGM-86A 

XF107-WR-101  AGM-109 

YF107-WR-101 

Xri07-WR-102 

YF107-WR-102 


WRC  Spec 

P-7420 

P-7420 

P-7420 

P-7410 

P-7410 

P-7410 

P-7410 

P-7410 

P-7410 

P-7420 

P-7410 

P-7410 

P-7420 

P-7420 

P-7420 

P-7420 

P-7410 

P-7410 

P-7420 

P-7420 

P-7420 

P-7420 

P-7420 

P-7420 

P-7420 

P-7420 

P-7410 

P-7420 

P-7410 

P-7420 

P-7420 
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MOUKT  rat  otvunoN/viivcii 

tHi  ^iL-STo^htt  M  /m  r.vsnwcr/oiui 


MU 


|^•ocu«ll•o  ACTivtrv  <10. 


I  }*iQii»*rd«  nmti  «mO  mmmSS 

Williams  Rsssarch  Corporation 
2280  W.  Mapls  Rd.,  Walled  Lake,  MI 


^^^Januajr^^979 


48088 


4.  OCSIQNATtOW  fan  0CV»*TION/Wiiiv£W 


«.  mOOCl^^C 


k.  MT*  COM 

24235 


c.  STi.  0CSI6. 


^  5PgC»yiCATlQW<  *yrCCTC0«TCST 


4.  acv/Miot*  •• 


f.  U«T 


v«c./ooe.  NO. 


W/A 


S  tAM  LINC  A4UCTCD 

□njNC.  rn«.LO. 

ftoNAc  I  yicATeo 


IQ. 


*□  Ml  NO*  a  WAJO*  □  CA1TICM. 


□: 


OTMCR  SVfTOiVCOHf 'GU> 

AariON  I  TOM  a^recTCO 


D’”  3" 


a  oatTMCS  tftECTED 


N/A 


Wajyo  Boaring  Traceability  Recpiireinents 


>1  ■8fcf.a*Ana*i  .wa)4^ATiiw  '  " 

S«e  Attachment  A 

1 _ 

>1.  CO  NO. 

N/A 

it  MTICT  a* 

N/A 

•4.  OCUCT  alAStl^lCATlON 

QminOO  QmAjON  QcRiTlCAt 

IT.  lOT  NO. 

N/A 

mm 

irsisinQjQaQcnnHHiH 

■bESHHHIpESHI 

z6  IHv*  dN 

None 

n  fFWi'h.  iMfMiiWB  tMiiTig  liMflir '■w'rwi'Aei.’TTe. 

II.  CFUCT  <y 

None 

m  oiLivtirr  V 

5IIQM.C 

Nona 


11.  ocaca'^i'ON  oa  ocvi.rioNiMivcR 

Allow  uaa  of  bearing  listed  on  Attachment  A.  These  bearings  are 
serialized,  but  do  not  have  full  traceability. 


See  Attachment  A 


See  Attachment  A 
Ref:  WRC-W-036 


14  '.cib  Ofvi.riOM/vaivCN 


The  bearings  were  purchased  with  no  traceability  requirements .  Sub¬ 
sequently,  the  Government  directed  WRC  to  provide  fully  traceable 
bearing,  a  requirement  which  can  not  be  met  with  current  engine  test 
and  delivery  schedules.  All  bearings  purchased  after  this  lot  of 
bearings  shall  have  full  traceability  or,  at  the  Governments  request, 
this  requirement  would  be  dropped. 


l4  #r  1I4I44.  ,4a,W« 

FSD  Engines  as  allocated  to  stock  depletion. 


/  ?7.  APPNOVAU/ 

IIP. 

58  ANNOOVSA,  «CC0MM«NOC0b^^^ 

H 

1 

l/o^4f4»ovce 

*.  dAv^lMalhf  ^  ■'  ' 

OC4«S-  *w»^c  *-/x^/7f 

i 

1 

Ka^ 

yT  Sate 

C  %c  Fa^‘\ 
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ATTACHMENT  A 
W-042 

BLOCK  23:  DESCRIPTION  OF  DEVIATION/WAIVEH 

Waiver  036  was  approved  17  November  1978  permitting  the  use  of 
bearings  which  were  serialized  but  did  not  have  full  traceability. 
At  the  time  of  submittal,  we  thought  we  had  accounted  for  all 
contingencies.  However,  we  have  located  5  lots  in  MRB  and  have 
been  informed  by  one  of  our  vendors  that  they  have  2  lots  for 
delivery  made  from  parts  overrun  of  a  previously  delivered  order. 
The  particulars  are  as  follows: 


A.  BEARINGS  ROUTED  TO  .MRB 

P/N 

VENDOR 

P.O. 

AMT 

DATE  REC*D 

WRC  SPEC 

27100 

MRC 

73112 

22 

8/26/77 

P-7420 

27100* 

MRC 

89108 

7 

8/12/78 

P-7420 

27100* 

MRC 

89108 

3 

9/7/78 

P-7420 

27099* 

MRC 

83310 

73112 

114 

8/26/77 

P-7420 

27099* 

MRC 

33310 

48 

8/26/77 

P-7420 

27099 

MRC 

99864 

63 

8/21/78 

P-7420 

27099 

MRC 

99864 

47 

P-7420 

3 .  BEARINGS  FROM 

OVERRUN 

PARTS 

P/N 

DATE 

vendor 

P.O. 

AMT 

DATE  REC’D 

CHG  LTR 

WRC  SPEC 

27075 

5/2/78 

Barden 

101847 

20 

— 

C 

P-7420 

27066 

5/2/78 

Barden 

101348 

11 

— 

C 

P-7420 

*  These  bearings  not  serialized  will  be  returned  to  vendor  for 
serialization. 


BLOCK  10 :  CONTRACT  NO.  AND  LINE  ITE.M 


N00019-78-C-0206 


CLIN  0002AA 
0002AB 
0002AC 
0002AO 


CLIN  0002AE 
0002AH 
0002AK 
0002AL 


CLIN  0002AM 
0002AN 
0002AR 


Williems  Research  Corporation 

CMEP  95-4120 

Report  No.  79-106-39 

NOufST  ros  onurias/wAivt* 
lai  tii-srw-tM  0*  Ml  n»  iunmeTtaai 

RRoeuaia*  iCTivirr  mo. 

5  July  1979 

I  Kail  M  USMII 

Williains  Research  Corporation 

2280  W.  Maple  Rd. ,  Walled  Lake,  MI  48088 


ittOffi./rwt  k.  Mk*.  COM 

See  Blk  23  24235 


M00019-78-C-0206 


ami  -m  m'n  (*m - 


TurboCan  Engine 


Oil  Cooler 


None 


N/A  18 


IIS 


<1.  0#  ocviArioi^Mivc* 

Allow  use  of  P/N  23748  oil  coolers  listed  on  Attachment  A.  Th 
oil  coolers  are  serialized,  but  do  not  offer  full  traceability 


(see  Attachment  A) 


(Ref:  IRR  #807861 


(see  Attachment  A) 


m 
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ATTACHMENT  A 
M-090C1 

BLOCK  23:  DESCRIPTION  (continued) 


S/M  TT5791297H 
TT5791900H 
TT5791290H 
TT5791287H 
TT5791901H 
TT5791296H 
TT5791294H 
TT5791904H 
TT5791902H 


TT5791292H 

TT5791286H 

TTS791291H 

TT5791293H 

TT5791905H 

TT5791289H 

TT5791903H 

TTS791288H 

TT5791295H 


MODEL  NO. 


SYSTEMS  DESIGN 


CLIN 


xrl07-WR-102 

YF107-WR-102 

XF107-WR-400 

YF107-WR-400 


AGM-109 

AGM-109 

BGM-109 

BGM-109 


0002AA 
0002AN,  AR 
0002AA 
0002AC 


BLOCK  24;  NEED  FOR  DEVIATION/WAIVER 


As  a  result  of  a  change  in  the  manufacturing  source,  traceability 
on  the  units  identified  above,  was  not  maintained.  These  units 
were  in  the  process  of  fabrication  when  Waiver-082*  was  submitted. 
At  that  time,  unit  S/f3's  were  not  available,  therefore,  it  was 
not  possible  to  include  the  above  13  units  with  W-082*. 

Midland-Ross/Janitrol,  the  new  supplier,  has  implemented  corrective 
action  for  units  which  will  be  manufactured  completely  by  them  in 
the  future. 


*  (W-082  traceability  of  oil  coolers) 


C-13/C-14  Blank 
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APPENDIX  D 
VIBRATION  TEST  DATA 


This  appendix  is  a  graphic  presentation  of  data  observed  during  the 
environmental  vibration  testing  related  to  Engine  828/builds  4  and 
6  at  Bendix  Aerospace  Systems  Division  -  Ann  Arbor,  Michigan.  Two 
types  of  curves  are  presented.  One  type  is  the  sinusoidal  vibra¬ 
tion  sweeps  performed  to  identify  the  resonant  frequencies  to  be 
used  for  the  30-minute  constant  level  vibration  inputs  required 
along  the  lateral  and  vertical  axes  of  the  F107-WR-400  engine.  The 
second  type  of  plot  shown  represents  the  power  spectral  density 
(PSD)  curves  obtained  during  the  30-minute  random  frequency  vibra¬ 
tion  inputs  along  the  three  major  engine  axes. 

The  material  presented  herein  is  divided  into  four  sections.  The 
first  section  contains  the  specification  power  spectral  density 
(PSD)  curve  for  the  F107-WR-400  engine.  This  specification  curve 
may  be  used  in  evaluating  the  PSD  curves  representing  the  random 
fre<^ency  vibration  testing  completed  on  Engine  828.  No  specifi¬ 
cation  curve  exists  in  reference  to  the  sinusoidal  vibration  sweeps 
as  these  surveys  were  run  primarily  to  identify  test  points  for  the 
30-minute  constant  input  level  vibration  tests. 

The  second  section  presents  a  chronology  of  events  and  the  vibra¬ 
tion  curves  obtained  during  the  initial  vibration  test  series,  run 
on  4  January  1980. 

The  third  section  presents  a  chronology  of  events  and  data  obtained 
during  the  second  complete  vibration  test  series  performed  with 
Engine  828.  This  second  series  was  run  subsequent  to  discovery  of 
the  fact  that  the  first  test  series  had  inadvertently  been  per¬ 
formed  without  an  airframe  generator  installed  on  the  engine.  It 
is  required  that  all  accessories  and  components  be  installed  on 
qualification  vibration  test  engines.  This  test  series  was  per¬ 
formed  on  14  January  1980. 

The  fourth  section  is  a  presentation  of  events  and  data  curves 
obtained  during  the  vibration  testing  of  fuel  control  unit  S/N 
1443454  (installed  on  F107-WR-400  Engine  704  as  a  test  vehicle). 
This  fuel  control  unit  was  sxibsequently  shipped  to  AEDC  to  replace 
the  fuel  control  unit  which  had  failed  on  Engine  828  during  the  hot 
day  mission  simulation  cycle.  The  S/lJ  1443454  unit  was  subjected 
to  the  complete  environmental  vibration  test  requirement  while  at 
Bendix  Aerospace. 


D-l 
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SECTION  I 


SPECIFICATION  POWER  SPECTRAL  DENSITY  CURVE 
FOR  THE  F107-WR-400  ENGINE 


PSD  (GVHz) 
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SECTION  II 


A  chronicle  of  events  and  the  vibration  test  curves  obtained  during 
the  initial  vibration  test  series,  which  was  conducted  on  4  January 
1980. 
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TEST  SEQUENCE 
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T« 

FtCURE  2 


VIBRATION  LEVELS 


Tast  Itam:  iXiCe 
Tast  Data: 


Sf.  Lu/t. 


Sarsal  Number: 
Input  Axia: 


PZf^ 

ca  ^ 


_ SSSa*a5Smm»»aSa— aaaa3iai»a»aaaaaas»»»wi— 

•aasM«*mai*M*aa»«aaa«»*Maaaaa**sa*tMMaaaaaat(saiMi< 
••««»<aaaass>a«*aw»«a>aaaasasa«i»m^— aaaaaaw»f»«a»aaai>i«f  I 
■■■■■■—a— «Ha«»waiMim*w»a»>— ■■■■■••••Mtmimw— — BRiiWN— I 
'  IIMIHMiaMMMMRMIMMAMaBRIMMaaBOMRRUIEIUMBMAfllilltfMiaai 

. ■— ■tWRUim— ■MBWWMMilwmwtiiiWitiMu—i 


iaasMtSSSKtaaaa 

MS*Ma*l 

ntHMsai 


IRRHIRtM* 


•Maa 
pa»*a  Z« 

■  ••MM 


ilMaiilitil 
■  •■•■MBBIttMIll 
■•••■•MIMlIHlI 


!SSSSSSSaaaaMtaM»SS£SaaSaaaani«SS*xapaa^2SS£— aSaaaaaatsi 
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BW»«MiB*aa|Misssi»M«aaaBaaa»k**>mmMB»aaa  m 

■iaasaa«B»aaia»aiiiii»»BBaaBaa»sass»^»wB*af 

- •■•■••MMWMiMBBaaMnisniMMMaattBaa 

••••••MMHu»a»a*tMHiiiM»aaa«BRRta 

—  aMiNmuBaBMMiaiiHiaaaaaaMa 

aiMiiaiuaaanBMUiiMtaaatMM  a 


■•••■•■Maaaaaasiiil 
■^••■••••MaassaaM  ■ 
■••••Matatatinaiil 
BaBaaa«BBauNiMii| 
aaaBaaaBMimuMil 
MaiHMIlllNllltll 
BMaeiMlltlMtlHlI 


iMaaaaassasHB 

I— BaaaasmisB 

iMIMMIIHtl 


laaaaaaiswwBBa  aaaaa«aaa«a 
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lii:;; 

Ijji:: 

ImHii 

llIK! 

Illlll 


as  ••*****' 

Ha#  ••••■< 


asm  aa  MBaMAMMaBo  aaaassaaatawM*' 
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aa  ■•••••  •■aaaaafMRMMiHaaaaati _ 

aaaa«ittaiaaaaaaMiMM*iMiiaaM»«a«aaiaaMMM< 
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■■■BBaaaiiaiaasiBPBpaaaaaaiassf — ■■»»Ma*B^»a»BBBBaBaaa#aaasi 
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KiwmBBB 


BHffflllll 


iSSKsPajai 

>9M»  BB  MBaM  ■■5 


iiaaavBBBBMawaasaaMRMi 


iNuni 

Mmw 


iMtaURR^BMi 


wglfiitimaBai 


*ma 

♦as 


hvjAZz 


■Baaasaasssai* 


Maaaakw««B*< 

NMaaswa«««»i 


_ _ _ iBBBaaaafSl"-" 

iWipaiMMWMgBBB  mmmmm  •B«BBB«aafsR 

iBBtiiiaMi— ■•■— ■■■•■B—BBBBka# 


■  null 
litiiii 
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•  W  wwBwaoeeeeMeM  BBwaaaeeak  »»»»»—»»»  a»  w 
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_ _ _ r _ _ _ "rjaKs-..^. _ 

»Baa»a»miB»mBB»B»Baaaaaaaaa<BBBBBaaaaasaaaf  —  BBBBMaa»a»BaMiBBasaaasBBBBy***«iB»ai 

BBaaaaa^mwBBBBBaaaaaasBBaiwBaiBBiaaaaesskMw  wBBBaaaWBBBiiiiaiaaaasB»»iBBBr - - 

BBBBaf  sBmisBBBwaaaaaaaasssBBBBBaBaRwsssf  ■■■■BB^awai— aBMlBBBaaiaaswaaifMi 

■BBBBaaaa»wB«BBBaaaaaaMfBBMRPlliaiiaaaaaa— aaaaa»»Mii>ttti»|iaaa»iBRi 

■■■■tf  aaaa«>«MBBMtwwaaaM>iiHaiiiaaaaa»f  awiaaaaaBtpitiwiliiiw*'  . 

■^■^^^■^■aaa■■»■MMM^tM■a■«<^n^iaMlBBaa■a•^^BBB^i^■^^lillltM^H^i^HManmaBl-  .. 
■■MiiaaaaaHi«itffaitMiHtMitiflaaiaa««niiMMBMB||flMnaiiutifiiiiii|iBaMni| 

■■■■ll■BaB^■lHln^ttn^t^■t^wlntt^^>MBB■■t■^t— piatiiiiypwwtiiiiiiMr 


Fraquancy  -  Hz 
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Accclaratiim  •  g  p«^ 
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T» 

FICUSE  3 


VIBtATlON  LEVELS 


Test  ttam: 

Test  Date:  ~ 

-  P'-'* 


Serial  Number; 
Input  Axis; 
Response  Axis: 


v’s/tT  CAL. 

7K  /  fKet^ 


440-8  A 


SfiZ>  Z 


D-9 


l|**d  >  - 
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TR 

PIGURE  f- 


Teet  Item: 

Test  Data: 

/,  V  - 


100 


VIBRATION  LEVELS 


Serial  Number:  P'3-^ 

ir*Dut  Axia; 

A'xiy. 


ViTrCr. 

L- 


Frequency  -  Hr. 
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T» 

fiGURe  J" 

Bpoapaca  Syaiama  Ooaratasrta 

VIBIATION  LEVELS 

Teat  Item:  ^'v,. 

A- .  Serial  Number: 

Taat  Data: 

_  ^  Input  Axis:  '/£<.T/(L/<  C  -  ' 

'  '  "  Response  Axis; 

Xlia 

■  •  •  •  M  •  MM* 


••••••••  ■ 

liiiiiBB>aaiiiMaaBBaaBiiiminiBMaMii>niiiiiaa»i»ni«paaBBtMimi»iiwtMiBiiiiiiii  wntf 


_ _ -  "  -|=— _  ~  _ 

li*tr5»B5»«5«p«SSSSSSS»SS««««»«M»S5£SSS«SS«tiS«tS55S»SSSB5l5SS55SS>?5SS«»»Mi5— SSSSSSSSKStSSiiSSSS  SSSSS 

■—■•>•—111  WBiBUMtiMWaa 

^  _ ■■■■«■  Mx«»«wiaaw««SB;i^tta»a«yiM— w»mt«agayBiiBiii>H»»—«aBaa>yai 

la  •  ••«**««««*  aSS  •«•««•«  «4««f  a«*  Z  a  aa  a  •  «a*«*  aSaaSaBMr***  »•  STa  av  B  a  SS^va 

^••««ivaaaaaaaB^MOTaaaaaa  aaaa«a«*a*  aaaaa  aa4««i«««<  ia»iB  aa  aa  aa  m  M^aaaa  aaaaaaaaaa— »aaaaaa^»a4fc»»»^^^aaa  aa  mvwa 

•  ■i^aaaaaa  a  aaaaa  aaaaaaajMaaaaaaaaai  4»«»«MOTa4»aa  aa  aa^a  aa  aaaaaaaaaaaaab*  aaaaa  aaaa»4a»Miaa  aaaaaa  ^waaa 

•  l•••■•aaaaMMaaai■«•aaaaaa•«al•a<••«••aaaaaaMl<n•a««a••B■i«i••■•B«■•M•••M■l■M•B•••MtalM»ai■•••••  M«aa 

«n»waaaa^»»^»BBaaaaiaa«»aa«i*BBaa»a»ai«»««»«fc»»»»B»aMM  mmimma 

InniaaaiMif  ■■■■■iiiitinniiiaaaittiiiiinniiaiittiippaBaiaiimiiiiiiiiMMntmnniB«>attitwpi 

*»l*»»5«»aa«»55»w5— S*SBaiMw»wSaaaB«S>MW— ••■Spa5SKS55>BBSSaB»»»tMi»»»— Baaaa 

illBB  •••«■•  Mai  BIOBMMaMaMMaMMaiBBBMMlBMIMBMBBMWWBiatBMMBkBMklllHBBBBBBBaMNt******  MB* 

III  B«PBM»PBBB>«BBBBB»mW»B<BaBB<l»iil—«»BBIWBBBB»itBBHimMBBWIBBBBB>»iil4W  —  »BBP—B 

- -  UINamaBIlVtflflUtMBBMMPWIMIMMMiaiBBUIMNBaaMMlHIMNPBMMiaMpaM 


•  MBBBBItBtMBIfl 

■•••Mllltllillll 


’■•••aa«MBaa»*> 

BB  BMMM 1 1<  ■ 

iMBBaBBaatMiii  ■ 

fmaiilliMiiiiil 

IMMIIMIIIINlI 

iMMIIIIIIIIIIll 


Rimmmmubmbp 


SaSaaaaS^Sa  *SSa2**** 


=~5.r===^;agjj|jijgga^5^ 


usfflssns: 


Ik:: 


■  ••9MBBaaaaaaata«aaM««,aaB»a«a  .<  ’<  «i>ia  iaBa»»»S»B»SiBMiiitl»li»aaaSa»aaMiii  ■MbSUbI 

■  ■•••BBWt  ■••aBB— —aaaia»a»BBBBB  Harm  »  aaiif^  raf  ■■■■■■■#  aaiitMaifBaaaaaaaMaiaig  Saggy 
aaaBBalPa  ■•aaaaa  aMaaitaf  aaa  at"  ,  <  i'  i  4-ai  i  aiBaMwwaaaBBaaBaaniiaaaaBaiBBintaMaaBiBRii 

““ — -_a_- - - -  i4ar  «>t*a<.a  it  #■ ,  .  M  .  a  »aaB  fatat^—aaaBaBaaBMtiwigaaaBB^yaa - 


_ . ■■•••IMP 

■immaiiifii  t 

InitlMIIMMA 


(•a  It  a* 

aaaaa'  tt  . '  i»ii.  i«ii  a''a*iiw«  taMaaBsi 
■■—MB  itBBBBiiMiiw  iBtaitinMiaanBii 
^^^■M■■IIMIIWillM^^^I■BIIMm^Wn■■>■^( 
•MtMINUlUHmaMMNmUINMMHlI 
IMIlMMMMMMUHir  - - - ' 


_ taaMMWHuwmii 

_ n=-j-3 _ jpii|i|«tt|iiiBmm — 

iNmUINMMHlII ™-= - t..r3x= — ■— . 

_  —  jilwimwiiMiiii _ _ _ 

^{t;a:n;;;»ssa;sscr.a:ssas:gssaa:s«fffi,3igi;4ga;gi 

...... — .—^4.  waaSaSSBtS«iSM^aMS8SBa3rN«tSSSaBa«aSSSSSBaSSSSa*BBBBa»Ha85aaar 

is«;5;5;:;stsss«stng;sssss;naaKr.;s:aaaass5ssa«;ffim.*;acsa 

-  ——•—■^■ww^aaafBBfBww— aMiiiiimiit—Bii 


■iMilMBaaiBaa 

liiiiiiyiil 


■  l•<»l■•■•aaa 
■tfiu«aaa«Bai 

■  tfwlaaaaaaai 


Kitjataaaat»i3i5SaBaSaa' 


■wmaBBBtttiintfnaBBBBtBtiiiititaaaaaaBi 

■■■awaaaay^jjjMtaaaaaa^^t^^jp^^^y^  __^ 


w!  SSfecS^f  SiilSiuSSSaSaSiB^aSSaaSBBSSBSSaaaaiBB^RStwB 

liBBffSSaaMjBBSBmKaaaMtaBM****  '**KBB»«w5ffa?aBrrTtffifffnM 


iHgllifi 


■  »t  t»i  aa  aa  ••  aa  aa< 

■  •fi4taaaa«Baaaii 
■•MiiaaaaaaBBaii 
■nlll■•aal•B•«l 


aaaa^aaaaaa^taaMagaa^BaBBMawagaaaBa^ 

SaatataaaraaBBBii^awaw—aaaaaBB 

Bataa^itBaBBaBiaBtitBitaaaaaBBf 


■■•vavaBBBiintHtBaBvaBBBBitt.. _ _ _ 

■—■•MflBBMIBtfiMBMBBBBBflMIMMlgtiamsaBBWtlltinili 

— — twwiimiiMmwwintitwiwwif  ■■■■ttHiwwwu _ _ 

■■■■■■■nmtiHmiiHtuwwii— iiH  ii  ■■—■liiBiinimw  $•%%%  inN 


•  . . Kfr 
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R-A.NDOM  vibration  SPECTRUM 


TR 

Figure  6 


Frequency  -  H/. 
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FIGURE  ^ 


VIBRATION  lEVElS 


T««t  ^ 

Test  Date:  ,  .j'  , 


iciiai  Numoer:  &ZQ 
tnaji 


440-8  A 


ii-  i  4 
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FIGURE  // 


I  9vMam«  Op*t«tona 


Teat  ItemiU-U’C 
Teat  Data:  ,  - 


ViBRAriON  It  V  ELS 


f  -37.  vJil-  417?) 


'/-S'  -  30 


Serial  Number:  92 '3 

Input  A.XIB:  \Jg;£Ti  d  »  L  'Sl>^t 

Response  Axis: 


;!S5;s;;;;sssa;?;a;:a^^B«i?ii!8Sgs»saa:«»:aBa»aa;;Biihu;5SK5K5s^SHi! 
!:s;;;;;;;sss;:a»BS«aKMKff.asi5«agaaaiggtKa8B!8BaKa«;ig;aaasssKB;E 
mtSSSSSlIlSSS  Kaa^jajjj^p!!gjgg^jmi^S^gyj|^  ■■■MSSSiMSSSn|i|j|||iii| 

SSSSMaMttaslSSSSSSaS  5SSSSSaaSaaeaaa«i*s'  | 
9»MaaMilMtMkaaai|i  aaiMawaaiaaMaeMatsan  I 
•— ■l>|i*IMii»«  —MW  ■■■■■■■■■*■■»«»;»«»  1 


••••«a«aaesaa»Miae«i«reMMaa««sa«aaa*aa«**«*eftt^«»#**»*e«iMaaa9SSS»U 

Mil  »w»aee^—»i>MMM—eeaaaisMiIaw»aaaia  Mill 

iitiMMwMwaea— 


::::=;::::::==^csiai«!;;!^s;i::;:ama:Sa»sSSi5s^5|n^atiH55!  _  _ _ _ _ 

- - - - a«Sw&i»a»aii»aeo£5iS£»Xj3Si5M8ftJtMi>4MWMlwKi>ia8at»m85M5?S8S«feSSS5ffSS^*53aiai 

m.»MM«eeea»M^ae«»w»«eeMaiii>ii»«WM»»— Miplil  ■•■**>!* 


_ _ _ _ _ _ _ _ _ 

t&MMaaMIMIHMMMMM  »aBm»«M»l 
....  gRRBRI 

itiiHiSHiigifiiHiii  ■■■■■■MtiBwimn 


■  •Ml  •■••■■•■  ■••■■•■•MimllMIMMIMfMMllitlBaMlMMSSMIl 

ItiriiaaMMIIMMaiMittfMMMMIMMMWfinilUMHIiaMIW 
iHinMiiiiiivMUMtifmiMHiinwtiiwiHMiHwilitw - 

Imhuimmm— — mmtHMiMiiMMUMttumaiMWwi 


iiaeaaSiieeaiaiaiiiiijiiiiiii 

- 


llll■IMIIIIIIIIIM■■U■IW■■m■■M•ll 

-------  -  -r  ——TT  ■■■■!•  iijiiTnn  ■■■■aiislirnii  ■  ■■■iFii7ifJ7iMiipfriRTi7Ta'ftfi*5?r^~^^T*TrimT>r---~~ _  _ _ 

»f*M»«»ae»eeMM»e^^ae—»eaaaea»Mis»»eeaaaeeeaaiMMwM»»»e»eeew»*gWHiiH|Mi  iaMa*MMM»»f—^Maaeaai 


IHHIt 


■••••Its 


SiJtUSfiSSidBi! 


MMfMtMNMBMMMi 

w■ii■■fM•r•■■•M•■i 

■iiSiuiiiiwiB - 


:»:i 


. . * 


s;£as5g 


|ljii!SS5SSS»8SI^S^MZ»5>l!iSigt}n«*»j»g5S5jwitm53SS55SSS5MM^ 

MiiiwdMMiwaMMHWHiiiiiiwaMti^iwtrl^ - = - = 

ilUiaaat«nfwa— nMtMiiiiliiiwwbtiyy^ 
JimiMimiMWp—ttwiMwiinMitiign  m 
liitiiatf  m 

-  as»?T77TrffftSflr", 

i»s;:as£gffa3afc^ 


eI3BS«SStteaiw55B55StSSS5S5SM^»»aeai»I*»«M 

ywiigg^fc»iiiainMMjlwg»g«MWMM— — pa— *Mii[ 


:;s5::u:issss 


|.e..i=3KCC2eiasSBBs±s^gsRi: 

lilillrrrriiilssSfesiaiSSS^ 

■  tar  wM  w  eve  a 


yjstosg:i^ 

SSnstn 


•■■•■•oSSSSZSSSSi 


|::::iH::::HiinEHi 


■  him  ■••••■■■*■■  ■•■•«! 

lllMf — MMWll - 

lllltl - 


:sn! 


Frpqnowicy 
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T» 

riouae  12 

Ammo*  Spawn*  Ooorotono 

VIBRATION 

L  E  V  f  L  S  -X^/'e^T" 

r'- /07- <1  »t) 

Sana!  Number:  S 

Taat  Data:  /.j". 

Input  Axia;  /S/CT" 

ft>epon.e-A,.».: 

•• 


••••MMMMMHiaMMlWWMMt 
■■•MiUtMlMlMMHUlMUlMffMMi 


>•••••< 


>••••••••»« 


••£•■•••  SS  S**vSSSa*S*  < 


aauiMHUMttituiniilwM 
MtUttMUMIMMIMUl  ■ 


M^SS*«aS!i!MMS5*SB»*aSSSS?X«SS 


iS«  •»•••!(•»}! 


••■••ill  (■•••■■•••I 


■  ■iiiiaaa 


ilSSS2i\ 


—I  . 

•■••••••MattiMHaaBai  ■■•iiiiim 

•■••MMMMIMIIIIMIIUItlltUIMMUlil  . 

••■■•MiiiiuiiiitiiiiiniitiMiiaMiltHBi 

iSSaSSiSSCiMMSSaSS  !■»»*»«>»••■■■»■■  I 
••I 

- l•NMIlalHMi•IUHI^( - 


'■■■■■I 

'■■Mil 


SMMMI* 
•■tllitt  _ 

'••••••MIIIHItll 

. . . . . . . 

- - - - - ■•iMilimimil 


■  llM< 
■mil 
liliM' 


_ _ >*M»M  •••••#••■ 

_ _  _ — 

■  ■■■■•MMMkIMtl  •■■»•••••»  »(■(••■•••■•■ 

MPiMMMHIIMNBMMMIIIIIIHI - 


SSSSSSSkMtMMti 

■••■••  maiKMi  ■ 


ifftiMaaaaavMaaMasM 


~  •  *4  •  » M  M 11  •  M**  i 


I  i|*<>  ••••••••• 

■  (•«••■•<••••••«■»  4 

HiImi  ■••«••••  •«-- 


. laikMiw 


cBSSiSiszraiiSti; 


•ic:;SiS£555i 
srs'iSsnrRs:: 

— 


!MM8«»aMMHa3S 

: = a  X  5  «■ 


Stspns:: 


;nsss;:a;;;:;as8a^ss 


_ _ _ jwtfiriffi' 

>■•••••  ■•■•••  •mtKHi 

WWWW»»W<Htf»li 


.  --  _ _ _ _ 

HI  ••■■MaMMlWNmWfaciltMWHHIMMIIMMMMiMlIimi 

SS3S5SSS«4  •••••**********  K* 

■•■■■■■■■■■■nwpwwaaBi 

gnawwawHwwww— —<•■■•■•••••— tHwi 
- IBtlNWai 


»SS5»H}»n«SMSj 

»■  ■•••mi 


tiSS»88i 


iimiaMBil 
ItIHIMMII 
IMIHI - 

‘llHl 


_ llltHl 

iMiiiims  ^ 

lUintiWMi 


wpszSKsscaaa:: 

asaaiSaMsa^: 

>fmtiunttiMBUM|NM~  - 


as::::;: 


=23; 


WMIIIMBBIBi 


i!  •••••???????••••••••=???  55  ?i  5555525?*r!?!???*:55?l 


. . 


5Ss?»?»! 


3fs::::in:sssssE;:g55sr3=::::*:5p^i! 
^RaiciassKgsrrggsgg::::;:::::: 

ii^iSaSsSSuSS 


ssHilsSe^SsSa 


$=5;--;-5=55Eii 


iSsHi:s=K::S^i 

>•••••••■— ••■■■••••mMi 


11 

|Mma«*tiitfa 

liiiiiaaMfiiia 


■■■■■■MiMiinwiMitiiiiiimHi 

vaatffiifffMfffNiafffifiwfiiiiHi 


■mmmS 


1!5& 


JMIIIII 

_  _ _ _  _ 


'■•■•raiiffNfiHifri 

mMitNiiHNitiwi 


••ItMftlllftffKl 

ninimmiHMiaiiiiaBBiaiiniiiiiiiiittl 


Friquency  * 
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Acceleration  -  g  peek 
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PICURC  /  5 


oapauB  SyMam*  Oo«r«tttna 

VtSRATlON  LEVELS 


Teat  Item: 
Test  Oats: 


Serial  Number: 

Input  Axis:  l/ajCT  -  S/n/tr 

Response  Axis: 
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^iGuae 


gy— »iK  Ooarspona 

VltRATION  LEVELS  - 


Teat  Item: i'J itC  t-IQ''—'^e.-40° 

Teat  Oats:  I- S  -  Jo 


Serial  Number;  32  ^ 


Input  .\xia: 
aaapcneo 


440-8  A 


I® 


D-20 
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440-a  A 


■kM. 


•■•■■■•■■■a 


mm*  ••MMMMtMBPMBMM****!!** •«•«»« 
MMItMMaaaBBtlAMMIHa*  •••••• 

•aaaaMtiHiiMHaaaa««MU»M4iaaaaaaM 


BaaatMmMMiaaaaiaaaMiiiiiBsuaasl  maa 
taaaAiMtiiiuiaaaaiaiiiiitiiiaaaaaaBtMaB 

aBtBIMiilMIHMMIIHIIMlia - 


SSaSaaiaSStiMii  I 

aaaaaaaiiaiiHiil 

BpaanaMfiiiiitl 


ia»»a»M«*«4*»iaaaaK»aMtiiiMaa»B3K«Sw»paaaBa«*iiiiM*l 

iaaaB*MMt«MiaaBaaBMM»Mt»ataaaaiHMMMa*aaaBaa»«ftlt*ii 

i■aaaaaaa»^^>l^^aaaaaaaalw^^■a■aaaaa^^^■^■^p^^^^^^||»«^l 


raaaaaxMw  wa»a»a*a»aipa»»aaaaaaa»Mt««aaaaaaa»t»«fWP*a»aB  WB»*aaaaBaa>»(i 
'aaaaa**ii<i«iappaaaaaaM*apBaBaaa*a»«MHiaM»aaBaa»»M*MBaaMaBaa  M»»BPPBaBsaa»Bti 
laBaaatiKKMaaaaaBaaiB^aBaMaBBaaBaiMMaBBaaaBMtitMtaaaaaaaB  aBaaM**BaaBaaaaB*L. 
■■••*a*aaaaaaaa*MifaHaaaaaaBaa<itt4i«aaaaaaalBaaaaaBBBBaBaaBaa»ttBaBaBaaBa)«»M«a»aaaaaa  BaaaMaaaaaaaaaitiifil 
_  _  ■••■■aaaaaaaaaaaiiiiMiaaaaaaaaamituaaaaaaaa  waaBaaBBBBBaaaaaaaaaiaaaaaaaatanntaaaaaaaa  ■■■aaaaBBaaaat«»nil 

■  MiMaBa8aBfaaaaBaaaaa««iiMMiiiBaafliaiaMttiHBaaBaaai«BUBBBBiiMM«i«*MaaBaa»iMitMUBaBBai«iBB«BaBBaaaiiiiiiiiii| 

ItlltliieillllHBBMiMIIIHIIIMIttflllllHtlllllMitHIlPBHitllllimilllllBMnilHIIItMBBIBnil  ■MBBtHMIllllUlitl 

•  aaBBM^aB^BaataaBB«B«aa«MM««iBaaB«B«B««aa»>m»pB<BBBBaa«a  —  »»«»aBB»i»— «a»awaaBBBBB»«»»aaaa»pPBaaB»aa^aP^MaaB— #>»»»»! 
a  BB«BM^»AaaaaaB>—B«a>a4«aaaBB«B«»«»aaa»^^»BBB  — PaiB»BBBBBB«B»»«paaaBBB»>>f»t»ia^paa»»>a»MMwBaB»B»»B»f»Banl. 

aaaaa»^^paa>aaBaBaaa4M«BiaaaaBaB«a4»MM^a»paBaaap»aaMa»aaaaBBaaaa*a«M»aaaaaBaa»»a»«»»apaaaaf  ■■■paaaaaaaaaMwl 

■  ij**************»**»*f****»aaaa*«t— — — -********»i»»»naaaaaaBaa»iaMtaa>a  Baaa^wapaaaaBaaaaiMml 

■nniaaaaaaia^— aBaaaaanatamnaaaaBaaaaai>twaaaaaBiaiaiaaBBaaa«aMiaawttBBBaaaaaaaiMM»aaaanaaaaa»aaaaaaaaatanaiMl 

**P**wWnaaBBBiMiiMWiaaa>Bti>»»»aaaaaaaaBaiiiiiMl 
iMIMaaBBBPIfroBaBBBiMmilllltBBBlHMtttWWBMli^WW— BBS— MMmWflWIMIliWUBPBBMil  MMaBBUIIflMIlUil 


BaaaaBBaBwa««aai 
a  aa  aa  at  «•••«••« 
aaaaaaaMMaaaaai 


M  a  S  Ma  S  S  MB  SSm  *«*M  SS  5S  Sa  a  ■  S 

tM*wipaaaia€iaa*aawaaaiipaaa  m  a 


laaaaaaitaaHa 


>M»pSS»SaSSSi»«>MS5SS5aaBSSS5SSSBSBB»aa>i 

Maawa>Ba«aA»»B»»a(  _  _ 

— 4*"B»»Ba»»»»a«»aaaa»a»»B»»»aB^»^*aga*«»»a»aaaaaa<>»»»»»»»»H 


aaBBPjB^— aaaaaaartafiifjaSaaaaSaatMWawaaBaaBa 
l*l!«^ggf*f**fy»<iaaaaaaaaagjfHM»aaaaaaaaaaaaaaaaaaaaaaaif— ■■aaaaaaaatiagiaaaaaaaaaaaaaataaaaBaaaB 
I -:!**S!!*iS***SS*****— *********'**— —**«<awi«aaaaaBaai—aaaiaaaBaaaaiaaa*aaaaaBaaaaiaaaaaaaaaaaa*»i 
!!!!S!!SS!!!SS5******' !******!**■*****■***!•****■  "•BataiaaaawaBasaBfauaMaiaaavainaaaHffMaaifMiBfii 
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«>j«'!iin»wioiBiiTji«Bariii»«er;eeeieeeeiaaia— — — i*itacaii«c&im».ir^:'^': 

4»si«5>iiBBaii>EiwiaiaaM»aa— — MwaBiaaniin<g;»'9a;x:. 

^~StiSiSliilgt«MMWal—MBMB««B88£i^iia5£iiaHMr 
aaSiigiisiBaMnaaiaBBiiBaBag—Bi B«i5g^^Esgg!"&“ 

^  I  w—Hjal—e—i— — 

.  '.a.<  e iiwi—i awl eiMwiMBamastaae !■■■■— aenrieeeeerw  inamavia<»9 

;•  ;:aaaiiiiiaa— ■■■■■■as— —■ ■sauaiBaawBMBiaBaiaBaegBH 

^^frt.«!«inaaa—MmafaamaaiinaBwaB— aMtarar.  il 

]^SS3»P5fliiK3IUBiBliilEi 

i!!!!!'‘g--«:aHaaaiaaMwgiiwMWBMiiiaaaa><ag^S5^5aBSl 

.•  '  ‘  ewiMaaaiwaeeeeBiaMiMiw«ah.j»>aawiieiaii.»aax>inwwxw*taiB,wm  i.. 

-.tjj^Miaiaw  iiiiaiwaBaaeiBBaaBiBiiamaai>eaawawiwiawaaiaatiiifiim«wiu.  I 
■  Wittj.-iMianHiiffa— — — sagBS— B—aaiiMMMiiiai 
^ssaiiWWBWiw— ■—■■■— —■■■—iiDliiifegmj 
3BI8iaB«Wa8M— — ■■■  WM  IMHilfeas 

liaaBagsBBBHI—lilBBBIMBMgSgs-^ 

'  ^-xiimaaiaaataaiBaaiMaaaauM— ^■^li■■ll«■a■MlllB^aalxt9«»^u^ 

HUiBiiwai— ■§■■■— 

iMSiMwaBan— — ■laMgiHHPiaiiBagS!^ 
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•.eSBsaM 

--  1  T~n  r-rinTTiwi iwrina— Bf —iWMBBWiinMaiBmiwii  ni  t 

ri|WWItiPWM—f«IB«—W— ■BIB  — ■B»»r-.l|M.  IIIIWIWH  Vrj| 
gs?rt»<tyitffawiwwiap8»B— pi— gawBBi—eaHMfiniBifcfcgri 

I  iiiMii"  rnniiiroiiMHiwMiTi  unpimi—nTniiyiniWi  i  I 
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Test  ttam:  Serial  Number: 

Test  Date:  Input  Axis:  C/^e^C^<_ 


Response  Axis: 


I  a/C.  f/V  a4  uSrtf  f 


aaaaasaaaaaeMseestaaMeeeessssstr* 
iMa>aRaaiWM»—WR— <—*«•<*>• 

•IIIMMMaMMftMiMtWa 


laaesssssseiaai 


•  ••••eaeeett*s>i»a»Bae*easssi«i  mmmmmm0m 

a— aaaaaesessisraaaaseeseisiiii  wa»B»ee  mmm' 

•  ■•aaesssssusHas»»aa**sisiiii«a  ••••#!  wmmi 

■  MBW 

■<MII 


'■■•••SSSSSttl 
■  •••MeaMttMiil 
•IMIltlM  I 


iaesesssettMiM«aMastatw*aM»«aaM»«i 


saBaBBessBsssss(«aaaBBeasss(Sit(aaaB  Mas  wa 
BaasBaseseesssiHaasaaseeBi  tsstiMa«s**aa|  na 
•••■•aaaasettiiiiaaMasMsiistttMaBsBilB  Ma 
smsaaaaBseestetttaaaaaeaastissHr 


iwmsaaaaesi 


••aaeesessstii 


siaimBaBsaswSamaaaaaaaeaaetssstaaaaaeesesseeet^eeaaaaaei 
ii»»»aaeef  mm»aaaaeeeee««ttt«aaa»eaaeaesMe»*af  aaei' 

>l••■aasa•Msa■•«•aaaeaMaslSl|a••*aaaaae■*■M«••••••••l 


«Baseeeseseept 


BMm*B«*aaseesst***iaaMSsaeetss*»mmBa*aeB  ■ 
B«aa*  •••aaaBeattlSHBB***  ••»»••••*•  B*aaaBMa 

■•i0*«««Mases<t((«saa«aa«Mt#<MM««««a«*ea 

BMa«Ma«B«M««M»H»MM  ••••*  IH«t  ••••  ••  N  • 


...  _  laHaaMMABRiitiiimiB'- _ 

mimeaimiMawMtiiiniiiimuMMHiiMiiaaMMM— ■•■liHMtiMiwiMUHHMtmgiMiiiiy 

MM.eeSSSeieeeSSSSSSSSaSeeeessssttSSSSeeeeeeseeerSSSpSSSeB^ia— aBaaeee>Bs»est»SBaaeeaas»ts»Mm»BBaaee 
. *********~~*****aaMteUesMSS5S«saaaeeeessS«SSM«aSSSSSMaSaaeesBi»M(S»S«e»*ssM»tt<M>»»»aa#  a  * 


_ _ <waaaee«aMi^Biati  aaaeeeaeesetM— a>— a*»e»*efei>Baif  BB 

1  ittti If  t«Ma 


»M»»MM«aMe»t»»»i»B*aaeeMii*M>MaM»»Be  laai 

•■••••••••MtiiitiiBBMtiitiiMiiiaaaaM**  *■ 


•  •••■•BaSBBBt  still 
•MWBB  •#  t  aaes  sssm  ■ 
■•••■BMtSIBStIttll 
■•■••■••IIIIIHMlI 
■•■■•iMIllMllllll 

■MUltflllMIIMlI 

■■■•■•IflllllUllll 


MBBaBessstisesti  ■ 

■  BMBBBasSIISSSir 

aa»*MMi»tii*iil_ 

••••MMIItItIMl 


omBaaaBsaMwa  ■■aaBBaeaeanesss— t 
l•••aaBaesma  atiB«B**BBMi*«itt*m 
••■••aBaee»«Ba 


'••BsaasesesM**- . 

laBBMfiaaBesf 

WBBBMMtiSi.'aa 


I  a>aasa»aia»aeeW*esyt?»^ 
im  »sa^»^t»aaseeeee»ssi>aai 
M^eMa^wmeaBeaesaaessiaiviiveep^erv^r"' 
wwMsaaaBBaseBsstfHaMSBaeBeestsstii 
.emMw»aBa»B»t»seis»»i>i— >BB»»tssii»i 
.e»  ail  amaaUBBBBSeseWl ••••IBBIM MW > 


'••••••aMMaMBBaaMeeistiil 

•••BB«Mw«*aa*aBBmMMSHL 

_ _ _ _ _ ....  .  .  >MMBB  VaMA***MBMBMsesei| 


|l(Mi 

llllil 

llllM 


_ _  _  ^ag^S!R^^tt;;a^^s:;;sssts;s«:?:usgssgs:;sagssggsy: 

leaeSwee  SSSssa8BeSS55£SaaaeB»eM5Kia5SaeaBm»iRtSS5SS*B 
. . . —  — - - iBB>BBBtsMs>w»8ag;r* 

::»»»8SS»5L 

'»^msSSai 


waaBBea  > 


l•«aa•essettt• 


«Baea«eseeeet< 


I  «NB  aw  aa  Ba  waa  SB 

aw 


■  •••■•■I  ^ 


_ eBn.fBaitaatmMi _ 

t<B»iMiM— nm— — »NwiHW(iiin>— 1 

■••■■■II  •■■•••' witwiwwtMtiMWMiwsoiitwai _ . . . ..... 

eSSmXe  r— ---r*^-^a»?TnTsST^T?T- »"  a? '*** 

1  — ‘taseapr — inntiiilniaaeaseesBaniiiefaBaasa  fesa  a  t — r*i  ri  inf  t — iiswBaat^tTTn"^^aa‘rn 

eaeaiae»BBaaaaaBe<MeeesaaaaaaaaaliMistia— BBaaa— w— BaBBBaiBssaetBfcaiBA— aMtei  WINW 

iwweBWBaaaaaaBaataasMBaaaaaBaaeMeef  »!>*>*•••*■*•' 


l•l■IMI•tl■l 


snsBi 


;iiPiU|i||iili|i|yi|llpiypi|||Hii^p*p|i||Ppn|g||iw|i 


■•••MaaaasBMseiMa: 


SSSSCaat 


■  llllil 
ll•M< 

■  lIMI' 
IlfMI 
IlHIl 


=,;=::::===z=;^::;::n:g::scn:--r-g^y=gg^|^gi.||^^|g^||.»| 

e»a  !■  ■■■e^»»mmaaaaaaaaaessissMaaBaBBtnMm*as— aaa» ■—■•■BBaaeBaaeteHsM 
BaaBBawMtillBi— a>B  WWBBaBaaseetsiiH 


I —■aaaaaaeeeaf»eB«iaaaaaeBeaaa»m^WB«aa  _ 

iwwwBBBBBseaBiMMf  waaBaaatetfwww aa^iW»»»til>l>IIWlfiW>Bl 

■••■■■■■•■■■■■■■■iiMMuaw— •—■iiwwi  ■•••—■■—■■■••■■■■■■  iifuniiwiMmt _ _ _ _ _  .....  _ 

■■•■■■■■■■■■••■■IIMMIWH— ^■■■^■tmM^■••^i^■— ■■••■iilWIHtlM— MIIIIIHWBli*  ■■■•»—■••■•■  MIMIHWl 
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l■••••aaaaa■l•Mtllflla•aa•M•lMllll«••r~ 
_ _ _ ■•■■■■IIIMIIIIIIlIttllllMmHHML  . 


_ aaa«»a»a»l*Mt<« 

iaaaBaaBatiitiitBaaaaaaaa****ita 
■•••»ii»Maaaaaaaaii»tiHB 

_ _ 

iMaMMaimnilHMMaMUMIIMMB  - .  -  - 
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_  _  ■MBBltlllMmiHII 

laMtiiimuituMiiininitiiBaaanM— BBMaiimiiiiiMi 


••••■aa»a**M*>»a«»Baaaaat*i»»ti 
•aaaaaaaaaitaaaiaaaaaaaaatMtH 
••aaaaaiaai*n*iaaa»aaaatiMi**BBMaaaa 
•••aaataMinMtaaagakatNiMKMBBaat* 
••■••a  mu  Hill  *1 


•  ••a  aa  Ma»«aBAa«aaBa»a(i>*M>| 


>a«aaai»»i*>| 
iaMaaaa»aa»i»itt| 
l•M»aa••H»llll»l■ 

l•aBaa••M»*lliM^ 


|fi!{!55SiSStiK5S5B5Ka«wiijj*K«H|a5itim»«ii5iii»«»»aiiiiiiMiiiMiiiwiHiN»»i»»MiyM»Biigai;iiiaiWM»»Ht 


!••••)  SSSS  »■  g!SSSSSSSjS?SMK^5jyS»?Sa5i^^SS5S^S5SSS5»^5KS^?**^jyfiMaSai|»|^awBSB|2^^§ 


iv«aaaaaaw«av«aaaa*aaa«aa*«f«iaaa»aaaaa*a»i«>B*aaaa« 

i»Baaaaaa^^*Baaaaaaaaaaa»a**iaaaaaaaaa««nMB#paaaai 


la  •#•##••••*••  S4»aaaa  i 


•••aaaaaaaaaa»H*iaaaaaaaaat*»»Na - - -  , 

_ _  _  _  »B«aaaaaaaaa>na»«aaaaaa»»aimwBtiiaaa»gaiBaaaaaga«»Hw»| 

waiB aaaaaaai»«Baaaaaaaaaa^>»yaMaaaatwii;t|aiB^^aagaiBBBaaa^a>Ma|ti|taaaaamin^B _ ^ _ 


l•tl•5Sa•a•aa  ^  a»^aaaaaaaiaa?»««««aaSa?^an»a?a»5S55aaaaSaa55Saaa#aaaai»M{M5aaSaaaaa»aMifaaaaaat»c*«aBaia»aa  paaa»tltn 
Hiii*aaaaaaa«>«a*aa 
iMMaaaaaaaiw'aaaaa 
•liKaaaaaaaaAiaMaaa 


ill 


_ i(«««<aaaa«a«aa*(a«a>aaa««aaa< 

-aaa«aaf««««f**<aas»aaaaaa*a**ia«|aaaaaa< 
laaaaaaaaaataHtiaaaaaaMaataanaaaBaaaaai 
taaaaaaaaHHtitiaaafa—awwaaaaaai 
_-aaaBtai’aBBaaaaaaniBi«Ha»aaaaafM>nwwBBaaaa»i 

ilniBaaiiiiiBWBaititiiiiiiiiiHiiifUHiiiiiiNBBWwiii 

•  •<•1  •••■•BWMaaaM  »»aaaaaa»|HM«<paa»  BBaai 

»iaMaaaaaaaaBaaa»taw  aaaaaaaaMMiMB<MaaBaai 


SSSaaaaaaaaMMtMaaaaaaaaaaaMifaaaaaS^iB*— aa»aaai>aa»t*t» 
aaaatMiaaaBaaina»iaaaaaaaaai»»»i>a»Baaa»fMwaaaaatM^»*»»* 
aaaaaaaaaaaaHa»*iaaaaaaaaa*»aMiBBMiBaMiBa»i»a«Bi - 

- «iMaa«H*M»t  aai  -  - . . . . 


MaaaaaaaMiiania 


_ _ _ , _ . 

_ ••MtNIIIHHIljlMNIinilllllMnilM.-  - 

■■■•MMIIIIIIIUnttlilllllllHIIIIIiMItM 


>»BBaaaaaaa»»a  waa  aagag 
aaaaa»aaaa>HtWBaaaaaBI 

SK»s»sa!s:^ai 


■  i»«iiaaaaaBB|  w^aaaaaa 

iKHiBBaaaaMwaaaaMi-- _ _ _ _ _ _ _  .  . 

■■■>»•»  WWW  waagww——imiHmBiBifiWgiiw»f»gg»»ll 


I  ••MiSSSaaaaaiZaaSSaSSSaa 

ltdiaaaaaaaa  waaaaaaaaaaaaattvMiaaaaaaBaaaMMta 

iiMiaaaaaaaaataaa-  -  - -  - 

i««<>aaaaaaaa  waaa 


aaaaaaaaaai*t«Haaaaaaaaaaa*w*a 


waaaaaaaaaawH 


ii^iiH§iiiCTilM§!638i£aK3; 


waaaa«**aa| 


»SS!«S2SSSS«S«SSSZ!S»»»S2S»*SS«»»I*ri*  SS22£Srss5sS3  jaSalsiafllScfSailSaBtliClaJaKaSa^w 

'aaaaaaaaa»a»»»<aaaaaaaa^^aaana*alaaaaa4<H«aaaai 

laaaaaaaaafataaaaaaaaaaaw—aaBaaaaaaaatWiiaaaai 


.  . .  .  _  .rti8aaa*ta«i 

aaaaaaaaia««a»»»aaaaaaaaaa»ataaaaaaaaaaawaaaaBaaaaaaa>talnaat . 

aaaaaaanaa*a«»aaaaaaaaaaaawiaaaaaaaawaaaaaaaaaaaaHWiiaai 
aaaaaaaawwaaaaaaaataMtiHiaaaiaaaawfwiwaaaaaa  WWW <Biaa*aHHWpaaa<x 

■  lllll•■aa■■■t  aiwwaBaaatiitiMiMiiaaaftMiwraHiwWMBVMwmwMnMaiHHNMBBNtti 

■  - -  _ 
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Test  Uam: 
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Input  Axis;  (. 

Response  Axis:  -TJ^/zeJC 


■  •••■••bseeteMrMwaeoessessssrmmasAeaea 

■  ■■•••MMiummMMtMesitatiaaM  ■•mai 
■••■■■■•itiiMHAMMtbmiMHaaaaaBMa 
aBaMtMlIlUWaaMMBIIIMtHMMBBBBfl 


*****bsessssM»M»«e»seBesssss4i ••••••  as  a  aseetss 

•••■••sBaaa4iii»t«*aaaeBaassstrim»«»BaaaMM»m«»«s»aBsaasis 
••■•iiiMiaaMaMiNiitiiaaaaaaii  MiMaaaaaai  mini 

«BBaaaa«Riaimitiii| 

iRlMI . 


MaBBMiimiuuinBiBiM»iiiM4aBSBBBiia«aBaBBBtffiiiiiii«iil 


•  ••■••••stirassraaaaaaaaaaeesstmsaaaaaoaa 

•  ••••••aaats»s*>aa**«aaBaaMss>Ba**a*Aaa 

- - -  -  •••••■•aa 


aaaaaaaasaiiassiaaaaaaa 


■  SaS^liSSSSSaalasaBBsii 


!‘'''^******'*****a*****a«ee<ae*>aaa*aabaaseassta»maa»aaaSSSSSSa»aaBaaasisM>aa»SBBaaisaaMiSBBaasaa  SSmBBaZaZeellstlsIIl 
-  aaaaa  eases  seas  taB#aaeaaaesanr  mmBBaaaeMaiaaaaaBaaaaaaasssiri  BBaaaaaeaessssi  ma  bb  as  aBrei 

trill  2b  BBBo  a  a  ■a222B2222eaJ***I!lJl22UJ ■■••••■•SS»mBSBaaBBaaaa*»Mi 


lasassssHBBBBaaaeassssMmBBBBBaac 

- -•■aaaataestaaB»«aaaasaassiB«BBaaaac 

-?***•*;•«■  ■•••••■**«»«*«Miraaaaaa»ai4*eMi««aaa#«a, 
■  r255JI!!!2*******“*********‘*****MH*»iMi«aa«aBRii 

. ‘""“"'““‘'■•■iltfIMmiUNIMfllllHIIIHBSMtIli 


lniiifliatfiiaafl 


.  >BB«aaaaai - - - 

■MaaBaaaasaaiaiiiaaaaaaaaeiiiiMBBBBBaaa  Ba*»mBBBaeBBaaaaM 
>*******ai**iMiiiAAAaaBataii»s*iBBBBaaaa  mmmm»m»m»mtt§ntt 

'SSMSf**********'**************^****"***  ■»••■••••■«  ••••*»*•>! 

>■■■■••■•■11111111  aaBiRMMtiiiMBaaaBBH  ■maBaaButaiiMiiiil 

iMBIMIIIIIIIIinilllllllllniKBBBtMII  ■■■■■•••••IIIHIiml 


■■Ml 

■■Ml 


>eeeeee<e«e<aeBe>BB 


laaBaaeasM) 
■  Mill  ■•••#■■■■■ 


»»aaaaaaaaas«eea«BiMi»aaaaa»aaa»saiBBBB»aaB 

•aaaaaoaaait«ataeaaa«aaaaaaaeaa»m»«aaaaa«i 

■■•■••••••MMMMfaBBMtatMttfWflrvMMata 

■“““““““**“******' - )M»MfMiinBaM«aa 


'*  *«aMBBBB«aaa«essssi»BB< 
«*«*BBBaaa»aa«eas«tMaBi 
'*  ■aaBaaaaaatawMaaaiBBBaRM 
■■■•aaasatMaaeaaatiaaaaAai 


;:ust»::;ss? 


BB*Maaaees(ssssBBB»aaeeatsiMiaaaaBBBaaeiBiB 
•••••aaaaaamiiaBaaaBaaMiMatMiBBaaaa  wai 
•■^•■••••MiiiHaaBasaasaiiiiitBBBaaaabiBB 
■■■■•fMi*»MMi»a»Ma*pM»»iiiMaaB»»i*»a 
■■■•■■  ■•■•llilll  ■■•■■■Mil  IIMtSBBBBBniM 

BB»**aaee»»snt»gBaasasees  jsrsi  saBBBBBaa  mm 
•••••aaeeeBieMtBBBaeaaeMsMrrmBBBBaeeSS 
•••a««*aaaai»MaMB«a*«a%a»e**>*«BBB»aa  aaa 
•aB«aa«aat»anHaMAaa»ai*iiHi**aaaa«ami 

~  ^  - - mmmmm  m  m  m  . . .  ———  —  =  =  =  ~  - 


'RB^aBBaaea  aaeaita 
•«*BB»aaaaaia«*iM>L 
>M»B»»»iaaaHf*Mi| 
'■•••••••••■•iMMir 

■■•••■•■■•■lEHMlI 


>a«waMWHn«aaaM«4»»MiB 


l|{««iBs«Baaae>BS5BaBBBaaee< 


;=2:i::i:::::::H:iiH§:l8jtt5:ssssH;;5= 


. . . aefB.. 

|•lM••aBa«aee>Ba 

■  MMiaaaaaaaaaia 

■  M■lt•BB8••■•aaa 

ItfuiBBaattifMi 

lllfllBBIIIIIIM 

IlMMBBilHIIMl 


■  rfniMBaBoaaBB 

■  •MMa«aaasal« 

■  liiii  •■••••••• 


-  -  '•••••<af*sss<BBBaoe»taeee*e»BBBBBBao«i 
'BB««aaeess<ss4«BBB««eaaeteaeera»«BBBBB»a«a 

_ |aaaaaaeaett«*»»BaaaaaaaaaiaawJBaa»aaw 

'••■••■••*aatii*4Hsaa«aaa*aaaatataB»MBa*aai 
'■•■■•••■•taa»M4«*Baa«aaBataia*aiwaB«aaMa 
>■■■■■■■■  HIttMMiBIWtMBtWHMMBBBf 
BBBBBBtffNinfMnBBtmNNIINIMBBBtMfl 
■BBBBIIIIIIIilUilBBINIflllHIHaBBBBtllB 

'f  ly  ,:r 

'WBerBBBeeM^n^rBBBaaemMsanrZBBB^MB 
**^BB*«aaa«aa»e«4(BBaaaaa«ai4ass<  BVBBBBBaB 

- - -  -  aatMaei 


’^aneeveSb sesir BSSsSeeeeeeseseiSBSS  3S»e  Si 

'■•aaaaeaaaiatnSBBaSaaaMMMiSSSBSaM*' 

'**•••••••«  MM'MaaaaaaMsairrvBBaMfB  I 


••■••asata«aM«taB8a«eaaMs»**r»B«8BaMi 

*••■••  •••aaiaaaiBBaaaaataifHii  ■•••••••I 

aatMimwaaaa— *natH«»NaWtBl 
■••■••MaMmilMBBtMItlllMi  ■■•••«••• 
BBMMiltRIIMMBMBHBMlItMIMBtifBI 
- - 

. HMMMH 

Rsass:::: 


ra  a  aa  ea  paaas  Bwa  •  M I 

MSSuilulSfSS 


_ aeaaeaaaarfl 

iMaaaaaM«4i| 

~>aa«atiaaml 

■■aaaim*4| 


WWWIll 

mSitfil 


••■■••••a  aaMaitiH  •aaaaa«MtaatH«««B»aa«i 

■■■■*5!*!****^  ***'■••••  **■•••**•■•■•■••■1 

~^M«B»MfflNlfM»aBBWBMW«M»f0l - 


5SSS2Sr!2'***************^”"*^***^*****S5BBaBaa55SS5aBBSaaMea4Mal«Ba! 

;*;;;;!;SS***********»»»****— — IHXHWBBBBBaaSSSBBBBaBaaaaaaaaMiBB 
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SECTION  IV 


A  chronicle  of  events  and  the  test  curves  obtained  during  the 
conduction  of  F107-WR-400  specified  environmental  vibration  tests 
on  fuel  control  unit  S/N  1443454. 
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APPENDIX  E 

PRE  AND  POST-TEST  CALIBRATION  DATA  FOR  THE  FUEL  CONTROL 
UNIT  AND  FUEL  SHUTOFF  VALVE 


This  appendix  contains  pre-  and  post-test  calibration  data  for  the 
fuel  control  unit  and  fuel  shutoff  valve  used  on  Engine  828/  build 
6  during  the  hot  and  cold  day  mission  simulation  tests.  The  fuel 
control  unit  represented  here  (S/N  1443454)  is  the  unit  installed 
on  the  engine  at  AEDC  as  a  replacement  after  the  failure  of  the 
fuel  control  unit  originally  installed  on  the  engine. 
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WOOIUARO  GOVERNOR  COf-IPWlY  TEST  SPEClFtCATIOtl  FOR  33209  -  FUEL  CONTROL 
MIL-C-702<1  Typ*  11  Calibrating  Fluid 


Casa  Mo. 


W.G.  S/N_lliii2ihJBhi. 


W.G.  Order’  ~ 


Cuatewar;  Williams  Research 


Contract  Ho.: 


Woodward  P/N 


8061 -056 


Williams  P/N 


)62U0 


Qata  Tested 


1.0  Test  Conditions 


JTest  Stand  rio._ 
Sensor  Ho. 

ficT. 


FrL  5  a/ O'/ aJ£  Ql  T 


^  JL. 


\0>i 


1.1  The  following  conditions  shall  be  maintained  for  tie  entire  test. 


1.1.1  Control  supply  fuel  pressure  (Pj)  *  20  psig  supply. 

1.1.2  Ambient  air  tamp  •  70t10*F. 

1.1.3  Ambient  pressure  •  14.7t1  psia. 

1.1.4  Pnssurizing  Valve;  A  remote  pressurizing  valve  set  to  80  psi 
above  Pt,(  should  b*  used  In  the  metered  flow  line. 

1.1. 5  Back  pressure  controller.  Downstream  of  the  pressurizing  valve  use 
a  pressure  regulator  referenced  to  COP  and  downstream  of  an 
o,r1f1ce  calibratad  to  give  144  psi  aP  at  400  pph. 

1 .2  Test  Equipment 


1.2.1  IS  HP  variable  speed  stand,  13,000  rpm,  .051  speed  control. 

1.2.2  30  PPH  -  600  PPH  flowmeter  Q.5S  accuracy  (2  required). 

1.2.3  0-50  PSI  aP  gauge  ♦  .25  psi  accuracy  (Pt-Pe). 

1.2.4  0-800  psig  pressure  gauge  tlO  psi  accuracy  (Pi). 

1.2.5  0-300  psia  pressure  gauge  .2  psi  reading  accuracy  (COP). 

1.2.6  0-800  psig  pressure  gauge  £l0  psi  accuracy  (Pj). 

1.2.7  0-800  psig  pressure  gauge  t10  psi  accuracy  (Ph), 

1.2.8  0-100  psig  pressure  gauge  t1  P*1  accuracy  (Pbe^' 


1.3  All  control  settings  should  be  made  while  aoproaching  the  set  points 
as  follows,  unless  otherwise  specified. 


1.3.1  Engine  inlet  tamoerature  simulator  or  sensor-approaCi  set 
tamperature  from  a  lower  temperature. 

1.3.2  Compressor  discharge  pressure-aooroacn  set  point  from  a  lower 
pressure.  Hysteresis  checks  should  Oe  approached  from  a 
higner  pressure. 

1.3.3  Speed  setting  voitage-eporoacn  from  a  numerically  lower  value 
unless  otherwise  specified. 

1.3.4  Oo  not  overshoot  set  point.  If  set  point  is  overshot,  reduce  or 
increase  input  signal,  dapending  on  requirement  and  approach 
sat  point  again. 
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T5P-1730  PsQe  2  RT/.  £. 


\spno 

COP 

P/I 

j 

1  RPN 

PSIA 

INCHES 

VOC 

NOTES 

LIHITS 

ACTUAL  j 

2.0)  Functional 


I  2.1!  Puap  Capacity 


■ 

.620 

(60*) 

B 

Pi-120  ♦  P$ 

(aP-IO  pal] 

95  PPH  drin. 

2.2)  Ultinata 

1 

1 

11000 

t20Q 

150 

.620 

(60*) 

3.6 

Stopcoeic  Flow  ftr 
■ax.  of  2  sacands 
Racord  valva 
cracking  prttsura 

725-775  paid 
(Pl-^a) 

2.31  Built  In-Taat- 


2.3k1 

1 

-10 

Racord  BIT  Signal 
Voltaga 

12.64.14.64 

2.3.2 

B 

9.91-11.91 

IHBI 

2.313 

im 

3.5-5. 5 

IKRI 

IBM 

3.5 

.36-2.36 

^  3.01  Po»(*r  Lowr  Scftadula  rpm 


■ 

.Nob.  j 

3.1 

IH 

m 

1^^ 

B 

Sat  to  129  PPH 

9725 

9924 

BEI 

3.2l 

138 

-2 

Sat  to  207  PPH 

noa 

til 

180 

1 

Sat  to  307  PPH 

11423 

RSKSI 

on 

209 

3.5 

Sat  to  387  PPH 

12054 

mm 

3.51 

209 

4.012 

Sat  to 

387  PPH 

12054 

\  • 
i.i;»  i 

3.61 

1 

209 

Sat  T.P.  3.4  Ra- 
duca  P/L  V  to 

382  PPM 

3.1V 

3.4V 

5  o  -  To  ba  within  10  rpin  of  sotting  In  para  3.k. 
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11444 

11519 

11594 1 

i 

209  .591  (0*)  I  3.6  Sat  390  PPH 


209  .S74(.35*]  3.6  Sat  384  PPH 


‘  209  .55SS(-6S*)|  3.6  |  Sat  380  PPH 


111911  112811  113711 

II  i'Ol 


117631  118231  11883 


11483  11558  11633 


112331  113231  114131  ||  ^ 
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T5P-1730  P»ge  4  REV.  £ 


■ 

SPEED 

RPM* 

OP 

PSIA 

INCHES 

P/L 

voc 

NOTES 

OMITS 

ACTUAL 

5.5i 

Oacal  Sdwdula 

5.S|1 

.620(60*) 

-7.0 

1  II  IM 

145 

IS9i 

100 

.620(60*) 

90 

96 

101 

EBBI 

S.S 

SUrtlno  FIoh 

14.7 

.620(60*) 

-7.0 

58 

61 

64 

twin 

14.7 

.620(60*) 

58 

63 

67 

W^M\ 

5.7! 

Altituda  SdMdula 

Esn 

40 

.620(60*) 

3.6 

84 

88 

93 

6.01 

6.11 

62 

.620(60*) 

3.6 

97  PPH 

11964-12084  RPM 

Ik^l 

Iffli 

IMI 

107 

.620(60*) 

3.6 

187  PPH 

11964-12084  RPM 

IfeOiifl 

7.1' 

1 

1 

■ 

1 

1 

SpMd  btlow 

11000.  Raisa  to 
11964  n». 

Racord  Wf 

^0^ 

7.21 

tncraasa  RPM  to 
12024 

Racord  Wf 

7.31 

IncTMsa  RPM  to 
1226S 

Racord  Wf 

7.41 

Lowar  RPM  to 

Wf  In  7.2 

12004  -  120  3li 

RPM 

i3ai7 

7.5. 

_ 1 

7.1  minus  7.3 

109-164  PPH 

iTFi 

spaad  sattlngi  WM  aaeapt  tet  S.6.1  £10. 
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T57^I7'J0  Pa?*'  a  Rt'i.  'c. 


I~1 

SPEED 

COP 

T? 

P/L 

1 _ 1 

RPH 

P5IA 

IhCHES 

VOC 

NOTES 

LIMITS 

ACTUAL. 

8.0  Idl*  Soaad  Sattino 


8.t 


8.2 


a.3 


^.0 


9.1 


9.2 


10000 


9000 


72 


.620(60*] 


-7.0 


-7.0 


-7.3 


Raduca  Spaad  to 
glva  9S  PPH  6 
RacoH 


Inc.  spaad  to 
giva  95  PPH 


95  PPH 


8.2  lass  8.1 
aax.  40  RPN 
hystarastr — 


SBCtil 


Min. 


9190 


9190 


Noo.  Max. 


9236 


9236 


9232 


9282 


To  b*  vltbla 
20  RPM  of  8.2 


RECORD 


Unloadlna 


12024 

*200 


12024 

*200 


240 


240 


.620(60*) 


.620(60*) 


-7.0 


9.77S 


Ratftica  P/1. 

Voltaga  baloM  .7.01 
and  racord  tha 
voltaga  that  Wf 
drops 


Raduca  PA  Voltagcj 
to  -9.775  6  Record 
P2-Pbc 


-7.  S5  to 
-9.675  V 


15  PSI  nax. 


10.01  Leah  Chaefcs 


10  J 

12024 

*200 

240 

.620(60*) 

3.5 

Raisa  Pi  to  Ult. 
sotting  -20  PSI 

No  axtemal 
1<skag*  after 

3  Bln. 

O 

10.2: 

■ 

■ 

.620(60*) 

-10 

Boost  ■  50  PSIS 

saal . laakaga 

Nona  after 

10  aln. 

■ 

■ 

Raduo*  to 

5  Psio 

Hona  after 

10  aln. 

O 

io.at 

1 

Oiack  ftr  shaft  saal  laakaga  during  cal.  fnr 
any  30  aln.  of  nonaal  eallbradon  running. 

BZEEdini 

o 

11.01  .  0H23.^orjji|| 


Orlua  tor^ua  will  ba  oaasured  alth  a  torgua 
wranch  after  tha  control  has  bean  nm  for  a 
■inlaas  of  5  leinvtas  on  tha  tast  stand  and 
ranaaad.  This  tast  does  not  have  to  be  run 

In  saquanca  and  could  ba  dona  after  tha 

IS  !n,1b.  max. 

7 

nnalndar  of  tho  tast  procadura  Is  eanoletad. 

• 
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Page  7  REV.  E 


ACCZPTJWCE  TEST  AUDIT 


CASE  # 


__InspBCtor_ 


Data 


Imz - 

Aertnt 

«1n. 

HtX. 

RECORD 

REMARKS 

95  pph 

— 

_ _ 

Pump  Capacity 

11994 

12054 

WBBmm 

1005  Speed 

*•1 

11733 

11853 

n^f/ 

Speed  Reset 

_ 

114S3 

11333 

//K/:7 

Speed  reset 

mm 

34 

93 

40  PSI  Accel. 

1^.1. 5 

427 

453 

LI40 

200  PSI  Accel.  . 

mm 

257 

275 

16^ 

120  PSI  Accel. 

S.2.1 

UU3 

453 

Me*.  Flow 

mm 

14« 

161 

/Si 

Oecel 

{5;6.i 

sa 

64 

Start  Flow 

Bsai 

12004 

12034 

/xo/5- 

Hysteresis  Chect 

9190 

9232 

</2l^ 

Idle  Speed 

Hi 

IB 

lone 

0 

CxterTiel  lealccge 
after  Cl"  Sensor 
Assembly 

.'10,2 

None 

_ 2 _ 

Static  Leakage 

OhiSIntJb 
71/5/15  «  TAPE 


I 


E-8 


szo-eozcex 
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WeodMtrd  Rovarnor  Coepany 
Rockforp,- Illinois 


X232C9-025 


c 


UOOOWARO  fiOYGUOR  COMPANY  TEST  SPECIFICATION  FOR  83Z09-CIT  SENSOR  (ATP)  VALVE 
MIL-C  7024A  TYPE  11  CALIBRATING  FLUID  ' 


SERVICE  LIMITS 

IDEMnFiaTION  NO. _ ^ _ 

Xtirtnaar  WITIImb  Resaarcli  Coro. 


Voodward  P/N 

Chk 

Cbk 

Z83209-01S5 

8901-140 

283209-0201 . 

X83209-03I 

O  o|  -  tso 

8901-126 

Data  7  f><a-ao 


_Testad  By  ><.>  / 


_Te*t  Stand  Ho.  *7/ 


*  Calibration  to  ba  racorded  using  fixture  UT656E0 


Desired 

♦ 

iJ/2® 

Min. 

Max. 

Actual 

-65 

.m 

.562 

-.0 

.5885 

.5935 

,S'TO 

75 

.6235 

.6325 

T70 

.6745 

.6835 

47f 

75 

.6235 

.6325 

-65 

.557 

.562  .. 

S1onad/C^C^/<^** 

•CoTTactlon; 

If  taaipantiira  pots  are  not  within  ^  1/2**F: 

Add  .0005*  for  each  1°F  anror  below  desired  tenperature. 
Subtract  J)00S*  for  each  1°F  error  above  desired  tenperature. 


Dated 7^.»-0-3-<g. 
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ftoeltf  orifT  1 1 1  ffloTs 

f 


1. 


2. 


R«v,"NEH“ 

78-2-9 

D.L. Jacobson 
Shatt  3 


DATA  SHEET 

PRESET  TEST  SPECIFICATION 
FOR  8901-130  SHUTOFF  VALVE 


H.aLs/N 


CASE  NO.. 


OATk* _ IS 


} 


JU 


ImMl 


TESTED  BY. 


/O  9 


Ineraas*  supply  prassur*  (P2)s-1o**1y  until  valva  cracks  opan, 
noting  tha  prassura  at  which  It  cracks^  ^ 

Raeord  P.  which  cracks  valva.  PSIS 

- 9L5= -  PSIG 


P^  “Fhc 


?\  -pj^  ili  P5in?ax. 


Oacraasa  supply  prassura(P2)unt1 1  discharga  flow  (Uf) 
is  60  PPH. 


S± 


Raeord  Pj  hare  as  P21  _____ 

* 

'incraasa  supply  prassura  (P,)  until 
discharge  flow  (Wf)  Is  60  PPH.  _ 

Record  Pj  hare  as  P,,  /  O  8 


PSIS 


PSIS 


/  <3  a 


Psa-Pii  • 


.PSIS  Hyst. 


3. 


Pit-Pia  •  3S  PSIS  max-  allowable  hysteresis 

Increase  supply  prassura  (P.)  until 
discharge  flow  (Wf)  1$  500  PPH. 

I  Record  supply  prassura  {?.)  / 

Record  discharge  orassuraCPf, ) 


PSIS 

PSIS 


4„ 


Ps-Pn 

fa-Pn 


/3r 

ISO  ps^g  max. 


PSIS 


Check  discharge  leakage  for  three  C3]  minutes, 
I  Record 

Max, Allowed _ 0  ^  ■ 


Tiff. 
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SZRYICE  UXITS  .-7  /- 

WCC0UAR3  SOveRNOR  COMPANY  TEST  SPECIFICATION  FOR  83209  >  FUEL  CONTROL 
„  i  'Y  MIL-C-702AA  Tjrpa  II  Callbritinj  Fluid 

Cta* 

V,S.  S/H  •-  .VLi<M .  H.6.  Ord«r  . 


Custoaart  Ullltun  Rastarcir 


Caw-Snet  Na.i 


Uoodward  P/N 

U1 11 lass  P/N 

8061-003 

29971 

6061-009 

Z3S60 

8061-056 

36240 

Tost  Stand  No. 
Sontor  No. _ _ 


I.O  Tost  Conditions 

1.1  Tho  folloMlng  eandltlons  shall  ba  aalntalirad  far  tha  antlra  tast. 


1.1.1  Control  supply  fual  prassura  (Pfl  ■  20  psig  suppTy. 

1.1.2  Aabiant  air  teaip  -  7Qt10*F. 

1.1.3  Aabiant  prassura  -  14.7t1  psia.  ^ 

1.1.4  Prassurlzlns  Valva:  A  rcaota  prtssurlzlng  valva  sat  to  80  psi 
abava  Pbe  should  ba  usad  In  tha  attarad  flow  Una. 

t.T.S  Back  prassura  eontrallar.  Downttreaa  of  tha  prassurizinp 

valva  ttsa  a  prassura  raoulator  rafaraneed  to  COP  and  downstraaa 
of  aa  arlflea  callhratad  to  plva  psi  aP  at  400  pph. 

1.1.6  Rotation  of  Drlv*  Shaft  •  CW  ( Looklag  at  and  of  Crlve  Shaft). 


1.Z  Tast  Eouloaant 

1.2.1  15  HP  vtrlabla  spaad  stand.  13.000  rpm.  .OSS  spaad  contT-ol. 

1.2.2  30  PPH  -  600  PPH  floWaatar  0.5S  accuracy  (2  raquirad). 

1.2.3  '0-50  PSI  aP  gauge  t  .25  psi  accuracy  (Pi-Pj). 

T.2.4  0-800  psig  prassura  gauga  tIO  psi  accuracy  (P^). 

1.2.5  0-300  psia  prassura  gauga  .2  psi  raading  accuracy  (COP). 

1.2.6  0-800  psig  prassura  gauga  tIO  psi  accuracy  (Pi). 

1.2.7  0-800  psig  prassura  gauga  tIO  psi  accuracy  (Pn). 

1.2.8  0-100  psig  prassura  gauga  psi  accuracy  (Pbe'* 

1.3  All  eontroT  settings  should  ba  sade  wh11a  approaching  tha  sat 
points  as  follows,  unless  otherwise  specified. 


1.3.1  Engine  InTec  tenpereture  slaruTator  or  tensor-aoproech  set 
taoparetura  from  a  Tower  teBperet-ure. 

'  1.3.Z  Coaprassor  discharge  prassura-a op roach  set  point  froa  a 

lower  prassura.  Kystcrasls  checks  should  be  approached  free 
a  higher  pressure. 

1.3.3  Speed  setting  voT tage-approach  fren  a nuserical Ty  Tewe- 
valna  unless  otherwise  specified. 

1.3.4  Oo  not  evarshoot  sat  point.  If  sat  point  Is  evershet,  reduce 
or  Increase  Input  signal,  depending  on  raqulrerent  and 
approach  set  point  again. 


E-11 
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183209^  -  Ei0  ?*4s  £  REV 


■|g| 

COF 

^2  1 

P/L 

fTTM 

PSIA 

Inches  I 

VOC  KOTtS 

LIMITS 

ACTUAL 

■2.  0  Functi  OWaT 


I-.1  PtwR  Capacity 


1^ 

Sac 

.fiZO 

EQ 

So  PPH  B-lR. 

{«0*) 

iil 

iDLSSami 

.2  Ultlwaf 


- 

11000 

tzoo 

ISO 

.szo 

t«a-l 

1 

StapcBCt  Flaw  far' 
auu  af  Z  taeoads 
Ra«sr4  valva 
craekfay  pressure 

600-700  paid 
IFl  -  y.) 

_ 

■  -)s^ 

Z.3  lailt  ta  TmC 


Z.3.1 

M 

-to 

_ 

12.Ut-15.liA 

mm 

: _ 

SQ 

9.^-i2.ia 

□aa 

0 

3. 0-6.0 

LS£ 

lZj 

iSl 

.36-2.8  6 

3.0  Fe«ar  Lavar  SehadaTa  VR 

nta.  Moa.  Max. 


's.t 

fS  1  .6ZOCSO*F) 

fll 

EEEgi 

iJ.2 

Ino 

-z 

ISM 

fl9l 

HSl 

BEBm 

59 

■1 

ISO 

. 

1 

ESI 

11770 

} - 

2Qf 

3.5 

Set  t»  3*7  PPH  j  U93U 

IZOZli 

IZUiv 

13.S 

ZOf 

3.0 

Set  ta  3*7  PPH  U93U 

|gm 

1 

3«f 

ZDS 

PrQDnns^l 

2.7T 

■ 

3.9T 

1 

^  "1  ' 
..•'O 

4.0  Taaparatara  0v*rri4a  Seha^ola 


4.3 

B1 

.5*1  Co*) 

EB 

Sat  Bl  PPH 

11473 

BSB 

BUlHi 

4.2 

■ 

4« 

•  5711 
(-3S-FJ 

3.* 

Set  BZ  PPH 

U349 

11669 

WSHH 

4.2 

SO 

.5599 

(-*5*) 

D 

Set  83  PFR 

UIZT 

\V^S7 

1  1  ^ 

U-ii 

209 

.591  (0*) 

3.6 

Sat  290  P?H 

11703 

U323 

119L3, 

I4..5 

Ba 

SE 

Sat  38iA  PPH 

IUaOS 

11553  11708 

ACSSt — 

!a.6 

Ba 

.5595(-65*: 

KE 

Sat  380  PPH 

11169 

U,i75 — 

,  I  ...M  I  I  ■!  .  t  ,  ,,  ,  I  I  I  ..  I,.  ■ 

i  If  aax  apaad  aatttag  la  bayend  llalta,  after  complatlnff  as  racolyad  test, 
)  raadjuat  max  apaad  within  llaUts  and  reteat  paragraphs  3,U>6&7,% 


E-12 


SPEED 

EPHo 


iScMES 


P/L 

VOC  MOTES 


ACTUAL 


8061-056  ORLT 


celt,  Otetl.  M«x.  1  Stirt  Plow  Altitudt 
5.1  Aeetl  60*F 


5.T.1  noo  40  .520(50*) 


5.1.2  noo  40 


10700  120 


1150U  100 


S.l.sl  11500  200 


lOTOn 120 


.2  Mir.  Haw 


11500  250  .520(50*) 


.3  Aeeil  170*P 


5.3.1  5000  30  .579(170*) 


.3.2  11500  1*0  .679(170*) 


5.4  Aeeil  -55*P 


5.4.1  6400  40  .5595 

*  (-«S*P) 


.5595 

(-5ST) 


5.5  D«et1  Sehtdult 


5.5.1  1202b  150  .620(60*) 


100  .620(60*) 


Stirtlno  Flow 


5.6.1  Xb5$  14. H  .620(50*) 


82bb  15.7^  .620(60*) 


5-7  Altitvdt  Schodulc 


9.7.1  11100  *0  .620(60*) 


>6  All  rpocd  sittisgs  £100  P.?M  rrcopt  t«st 


b65  500 


-bbS 


67  73 


bl5  439 


6400 

40 

10300 

220 

67 

77 

87 

boi 

424 

bb7 

136 1  153 


Bb  95 


53 

61 

69 

52 

63 

72 

78  88 
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MoodMmr*  aorarnor  Ceaipaar  X63209  -  066 

Rockford ,  IlXlBota  Paga  5  or  5  ?(E7  N£W 


$pt*d 

iPM 

cc? 

PSIi 

T2  . 

Inehas 

P/L 

VOC  Notts 

LI  Bits 

ACTUAL 

.0  Pu39  Unloadlno 

1.1 

ISIS 

240 

.i20(fi0*) 

-7.0  Nadttct  P/L 

Toltaga  balow  -7.0 
■■4  near4  tht 
v«1tas*  that  Uf 
4r«ps  ' 

-7.4  to  -9.9V 

.£ 

42024 

2200 

240 

.020(60*) 

-to  t»4aes  P/L  Voltaga 
tm  -to  a«4  racard 
^2-»be 

30  PSI  oao. 

0.0  La*k  Oiacfci 


WmW 

O.t 

laoab 

2200 

240 

.620(60*) 

3.5 

Kala*  ft  ta  Dtt. 
satrfBg  -20  PSI 

lo  aztaraal 
laakaga  aftar 

V  eIb. 

0.2 

0 

0 

.620  (60*] 

-to 

loost  *  50  PS  IS 

Saat  Laakaga 

Nona  aftar 

to  Bin. 

0.3 

Chaek  Sot  ahaTt  aaal  laakas*  Ourlag  eal.  for 
•acT  30  Bia.  or  aorsal  oallfaratloa  raaalas* 

2  CC  Max. 
a2tar  30  mia. 

1 .0  Orlv*  Torqw 


OrIvB  torgua  «it1  ba  saasurad  with  a  targua 

20  (a.tb.BSx. 

araiteh  aftar  tha  eaatrat  has  baan  ma  for  a 
■lalBUB  af  S  atautas  oa  tha  tast  stand  and 
raaevad.  Thlg  tast  doas  not  havt  ta  ba  run 

G 

In  saguanea  and  eantd  ba  dona  aftar  tha 
raaalndar  of  tha  tast  proeadura  Is  eoaptatad. 

2.0 

Pinal  Chaek'Llst 

lai  n  at 

2.1 

Sat  stops  la  alaetrle  actsator. 

2.2 

Cpoxr  aetoator  stop  seraws.  Ooma  sbapa  apoxp 

par  ass *7  dwg. 

3.0  gr-ffand  Ttolation  h  Stall  Currant  Tait*.  (Bar.  TS7-I665) 


* 


□ 

Coaditioa 

dlEH' 

mm 

irra 

Limit 

■la 
■Tn 


Ha  tar 


LlaJt 


folirltT 
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MaoMr4  flovomor  Coapany 
taekforo,-iniiiois 


X83209>^ 


“"T**""  OVGMM  CQMPMT  TEST  S?EC1FtCATI0N  FOR  83209-Crr  SENSOR  (ATP)  VALVE 
N1L«C  7Q2M  TVPE  tl  CALIBRATUK  FLUID  ' 

SERYICE  LIMITS 

lOENnFlCATION  M0._ _ -  • 

WITH 


MoB^rart  P/N  I  Oik} _  J  Oik 

ttSEOMISS  8901-140 

xssECD-Qgn  _ 

aoa»-03i 


8901-121 


_TotaO  8y 


Tost  stand 


Callbratlan  ta  bd  rBcordad  uilno  ffxturd  VT856S0 


Oddlrid 

Max. 

Actual  * 

41/2* 

-49 

.ar 

.582 

IRSI 

•0 

.5885 

.5935 

75 

.8235 

.8325 

.C,:37S: 

T70 

trsm 

,ssu 

75 

.8235 

.8325 

-45 

.S7 

,552  , 

msai 

Williaim  RMMvch  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


^  Uoodward  Governor  Com'^any 
Rockford, Illinois 


DATA  SHEET  FOR  SHUTOFF  V/iLVE 


TSP-1671 

Page  3  of  5  Rev  n 


Woodward  P/N 

iHiniams  P/N 

Rev . 

8901.162 

^ "  -  34894 

8901-130 

129593 

• 

■8'9d1-U6 

1  i374S  ^ 

3901- IH 

• 

•Set  sales  order  for  correct  revision  letter. 

P/H  CASE  no:  '0'^ 


DATE 


TESTED  BY 


;r- 

•,  (-O 


1.  Increne  supply  pressure  (P2}s1ow1y  until  valve  cracks  open, 
noting  the  pressure  at  which  It  cracks. 

Record  P  which  cracks  valve _ /n  S' _ ;__PSIG  ■ 

Pj  -Pbc"_^ _ ZjH _ _  PSIG 

Pj  -Phc"  6S-no  PSI6  I  ^  ' 

Shutoff  P2-Pbc  *  -^3  (15  PSIG  Hin.) 

2.  Decrease  supply  pressure{l’2)unt11  discharge  flow  (Wf) 

Is  60  PPH. 

Record  Pj  here  as  Pji  _ 9^ _ ‘  PSIG 


01 


Increase  supply  pressure  (P,)  until 
discharge  flow  (Uf)  Is  60  PPH. 
Recbrd  Pj  here  as  P-y^  - 


PSIG 


Pi-Pn-  - 


/  '(a 


/  / 


PSIG 
PSIG  Hyst. 


Pji'Pn  ■  35  PSIG  MS.  allowable  hysteresis 

3.  Ir.trease  supply  pressure  (P,)  until 
discharge  flow  (Uf)  Is  500  rPH. 

Record  supply  pressure  (P*)— _ '' ^ _ 

Record  discharge  oressuretP.)  '  - 


PSIG 

PSIG 


P2-Pn 


'  - 


6. 


P2-Pn  ■  150  psig  aax. 

Check  discharge  leakage  for  three  (3)  wlnutes , 


PSIG 


Record, 
Max.  Allowed 


5.  Check  discharge  leakage  Tor  (3)  Minutes. 
Record 

Max. allowed  0 _ 


F/(on  /x/pvr 
iZ  S',  FosT 
C(T 


6.  Check  discharge  leakage  Cor  (3)  mlautos. 

Record  /f’ *  -f* 

Max. allowed  0 _ 


E-17/E-18  Blank 
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APPENDIX  F 

FUEL  CONTROL  UNIT  FAILURE  ANALYSIS 


This  appendix  presents  both  the  preliminary  and  the  final  reports 
from  the  Woodward  Governor  Co.  regarding  the  failure  of  fuel  con¬ 
trol  unit  S/N  1443446  during  the  hot  day  mission  simulation  testing 
of  Engine  828  at  AEDC.  Also  included  is  a  copy  of  the  report  from 
Motorola  Inc.  (semiconductor  component  vendor)  to  the  Woodward 
Governor  Co.  with  reference  to  the  failure  of  components  internal 
to  the  fuel  control  unit. 
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6  360SS 


ML 
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Monw  Mft,  lO^l-OS* 

coHTBOt  rncL_J^i£L 
1. 1 


— «««T»»>«tr  S.B.itotaUPC 
Mt  BP  1443446  r>AT»  nnidm  rrwn  >0-4-10 


Actuator  would  not  rotpMd  to  iaput  sitoal;  would  drou  3.4  aop* 
oa  boneh  tost  with  21V  aopply. 


/(ePoAr 


9 


A.  Rua  "as  rocoired**  tost, 
g  1.  iBvestigato  diserapaacio*. 

C.  If  longthx  iavostigation  ia  roauirod.  ploaso  isauo 
iatoria*  report  by  lO'A'lO. 

P.  Rapaix  as  aocaasary. 

3.  laroatlaatioB  Rosults 


Tbo  actuator  was  haad'Carried  ia  by  Villiaas  Research  Corp. 
personnel,  and  the  following  initial  portion  of  the  investigation 
was  witnessed  by  Villiaas  Research  Corp.  and  Govemaent  personnel. 
"As  received*'  testing  verified  the  coaplaint  and  the  actuator  was 
reaoved  froa  the  fuel  control.  Opening  the  actuator  revealed  a 
severely  charred  ares  about  Qe  and  Q7,  two  of  the  power  transistors 
in  the  final  aotor  drive  stage.  Reaoval  of  power  to  the  final 
stage  allowed  trouble  shooting  of  the  signal  conditioning  and  drive 
circuitry  ahead  of  the  power  stage.  This  showed  the  entire  circuitry 
with  the  esception  of  and  Qr  to  be  operating  nomally.  Sub- 
senuencly,  Qa  and  Qr  were  reaoved  and  tested  on  a  transistor  curve 
tracer.  The  2N6301  (Qt)  was  coapleteJy  defective,  behaving  essen* 
tlally  as  a  short  circuit  in  the  circuit.  The  ZN6299  (Q()retained 
soae  seal 'Conducting  characteristics,  however,  was  severely 
deteriorated  with  respect  to  gain  and  also  has  increased  ia 


TMIS  ntPORT  AS  COMPLETED  SHOULD  INCLUDI  AS  NECISSARY 

A  Tta  RaMU  mttm  lewaifMiM  Raan 


approval 
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SnClAL  HANOLINC  REPOH  Bt  <6853 

S.  Makulac 

Fag*  Z 

S.  Iwrastlgatl«i  Kaaalta  (coat.) 

rosistivity.  Siaca  a  kigb  voltaga  tpiko  caa  caaso  suck 
traasistor  failuro  tko  traaaloat  suppraaaloa  diodoa  ia  tko 
circuit  vara  also  ckackad  aa  tka  carva  tracar.  aaii  pravad 
to  ko  fuactiaaiag  aoraally. 

•  4.  CoBClaaioaa 

As  tha  traasiaac  aoppraasiaa  circuitry  was  still  fnactioaal* 
wa  assuBo  tkat  ao  raltaga  spikas  reackad  tka  traasittars  ia 
ascass  of  tkair  spacificatioa  liait.  Tkarafora,  it  is  iwa- 
cludad  at  this  tiaa  that  tha  first  traasistor  to  fail  (Q?)* 
failed  daring  aparatioa  far  uakaowa  raaaoas.  this  failuro 
would  thaa  allow,  wkaa  Q«  was  turaad  aa  aoraally,  diract. 
high  currant  flow  froa  tko  Zt  relt  buss,  through  hath  traa- 
sistera,  to  grouad.  Such  carroat  flaw  would  bo  wall  ia 
ascass  of  aornal,  aad  would  causa  sarara  haatiag  ia  both 
traaaistors,  ia  this  easa  pracipitatiag  datarieratioa  of  par- 
fomaaca  ia  ()•.  Siaca  tho  actuator  would  not  ba  raspondiag 
to  tha  input  signal,  this  could  ba  a  long  tom  ceaditioa.  It  ^ 
should  bo  noted  that  this  saquoaca  of  areata  is  a  kypothotieal , 
but  rary  probable  aaa.  the  cause  of  the  failure  in  Qr  eenld  be 
daa  to  a  maker  of  things,  as  yet  uadataminad.  tka  subject 
traasistars  hara  kaan  saat  to  tha  aanafacturar.  Motorola,  for 
failuro  analysis.  Siaca  bath  transistors  ware  subjected  to 
serara  thamel  orarstrass,  this  analysis  nay  not  yield  coaclu- 
sira  results,  siaca  saea  of  the  dafacts  that  are  possible 
causes  nay  also  be  the  results  of  the  thamal  arerstrass. 

S.  Corractiva  Action 


Since  a  pattai*of  racurring  failures  is  not  established, aad 
siaca  further  avldanca  nay  ba  forthcooiag,  no  correctirt  action 
is  anticipated  at  this  tiaa.  Also,  it  should  ba  noted  that 
these  devices  are  slated  for  raplaccaaat  upon  approval  of  pro¬ 
posed  changes  to  coafom  with  nuclear  requirenents .  Tha  _ 

replacenent  devices  will  ba  processed  ia  accordance  with  JANTX 
standards.  This  would  aahaace  reliability,  since  the  JAKTX 
processing  is  net  available  on  tha  present  devices.  A  supple- 
neat  to  this  report  will  ba  issued  when  further  iafomatioa 
ia  available. 
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SUBJECT: 

FWMi 

OATS: 

Abstract; 


Additional  Failurn  Annlyaia  *  Vendor  iafonaatioa. 

Stev*  Makulec 
May  20,19B0 


I /A/^.  rz  r's  /‘uiL  . 


The  original  Special  Handling  Repert  covered  the  analysis  of  an 
X83209  Power  Lever  Actuator  failure.  The  vendor  failure  analysis 
is  now  availabla.  which  points  out  naaufacturing  defects  in  the 
failed  senicoaducters  which  likelp  lad  to  the  ever  stress  of  the  part. 


Investliatlon  Rasul ts/Cenclnsienst 

The  vendor's  analysis'  of  the  failed  parts  (attached)  substantiates 
the  condition  of  the  parts  as  renseed  fron  tha  actuator  and  gives 
a  synopsis  of  further  findings  with  tha  Motorola  product  engineer 
clarified  the  reported  phanonenn.  The  presdse  that  the  2N6301  type 
transistor  failed  first  and  thus  caused  tha  failure  of  the  2N6299 
type  transistor  still  spears  to  be  valid,  although  it  can’t  be 
proven  conclusively.  Various  voids  were  found  in  the  construction 
of  both  transistors.  These  devices  are  built  in  a  stacked  up  fashion, 
with  the  silicon  chip  (die  or  dice)  soft  soldered  to  a  copper  heat 
spreader  button,  which  is  than  soft  soldered  to  the  actual  transistor 
case  (header) .  The  soldered  areas  are  acconplished  with  a  solder 
prefom,  and  subsequent  heating  to  aelt  the  prefons  and  establish  a 
bond.  As  such.  Motorola  indicates  that  it  is  difficult  to  achieve  a 
coepletely  void  free  construction.  Because  of  that,  they  perforu  a 
Safe  Operating  Area  (SQA)  test  on  the  couploted  parts;  which  puts 
adequate  stress  on  the  parts  to  cull  out  parts  with  excessive  voiding, 
and  hence  iasdequate  theraal  conductivity.  This  testing  is  done  in 
a  nanner  siailar  to  testing  in  accordance  with  MIL-S- 19500.  As  they 
perfora  this  random  sampling  procedure . the  resultant  typical  Acceptance 
Quality  Level  (AQL)  is  0.281,  i.e.,  statistically  no  nore  than  O.ZBt 
of  the  devices  shipped  would  be  defective  with  respect  to  the  tested 
parameter.  This  SOA  teat  is  perforued  at  full  power  capability  for 
0.5  seconds,  which  is  a  much  higher  stress  level  than  the  application. 


Materials  analysis  showed  the  2N6301  type  (VCC  P/N  1686-682)  had 
apprexinately  lOt  voids  under  the  silicon  die,  and  SOt  voids  under 
the  copper  button.  This  presuuably  was  the  transistor  that  failed 
first  and  was  verified  to  bo  shorted.  Also,  evidence  of  'melting 
on  the  die  surface  indicates  severe  overheating.  Motorola's  assess* 
nent  of  this  device  and  the  existing  voiding  is  that  passing  the  SOA 
test  would  have  been  unlikely.  It  therefore  represents  a  random 
escape  through  Quality  Assurance  testing.  No  testing  is  done  at 
Woodward  Governor  Company  that  would  havo  caught  this,  and  the  addi¬ 
tional  processing  imposed  by  the  drawing  (High  Temperature  Reverse 
Bias-KTRB  Bum- in)  does  not  stress  the  part  in  a  manner  that  would 
coll  out  such  a  problem. 
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^  iBvestitation  Raaults/CoBclaaioas  -coat. 

The  2N6299  MGC  P/N  1686-690)  «as  foaji4  to  hare  approxiutely  SOt 
voidiag  under  tho  silicon  die,  ganernllr  in  the  center  of  the  die. 
Although  this  is  net  desirsble,  the  Motorola  people  believe  the 
device  would  hove  passed  the  SOA  test.  The  device  ns  returned  to 
Motorola  was  verified  to  bo  severely  degraded  ia  perforaaace. 

Given  the  above  inforaation,  the  2N6391  type  transistor  appears  to 
have  beea  the  weak  part  ia  the  systea.  Siace  it  is  failed  shorted, 
the  prcaise  that  it  failed  first,  caasiag  subsetaoat  overstress  and 
degradatiea  of  the  2N6299  type  traasistor,  seeas  to  be  upheld.  The 
expected  sequence  of  eveats,  then,  is  an  follows;  The  ZN6301  fails 
first,  presuaably  while  acteated  aad  driving  the  aotor.  When  tho 
position  is  as  aecessary  the  drive  to  the  aotor  ib  cut  off  aad  at 
soee  point  ia  tiae  re-eaergixed  to  drive  the  aotor  ia  the  opposite 
directiea.  That  turns  the  2N6299  on  aad  earrent  is  drawn  through  it 
aad  the  shorted  2N6301.  Since  this  carreat  is  shaated  directly  frea 
supply  to  ground  the  aotor  dees  not  aeve,  and  the  control  circait 
ia  not  satisfied.  This  provides  for  a  long  ten  high  current  flew 
through  the  transistors,  caasiag  the  theroal  everstress  noted. 

The  najor  fault  in  the  above  train  of  events  is  that  at  the  applied 
stress  levels,  which  are  well  below  that  of  the  SOA  test,  it  is  very 
'  difficult  to  assess  whether  or  not  the  2116301  would  have  failed. 
However,  siace  all  other  parts  of  the  circuit  iacludiag  traasient 
protection,  were  fuactioaal.  it  is  a  probable  sequence  of  eveats. 

Reconaendat i ons : 

The  stated  AQL  of  0.28)  for  the  SOA^ testing  indicates  the  risk  of  aa 
individual  part  getting  through  this  systea  while  defective.  As 
there  are  five  of  these  devices  per  actuator  the  probability  of  a 
defective  part  in  a  uait  is  1.41.  However,  note  that  aa  AQL  level 
is  an  indication  the  aaxiaua  auaber  of  defectives,  aad  that  in  the 
application  the  stress  is  anch  lower  than  the  SOA  test  (less  than  7t 
versus  100)  stress).  Thus,  a  aore  reasoashle  aad  yet  still  conser¬ 
vative  estiaate  of  the  probability  of  a  deficiency  existing  that  would 
result  ia  a  overstress  coaditios  is  less  than  1)  for  the  actuator. 
Siace  a  deteraination  of  the  actual  coaditioa  of  the  transistors  can't 
be  aade  ia  the  field  it  Is  recoiBMnded  that  the  custoaer  use  the  above 
figure  as  a  guideline  to  coapare  to  his  acceptable  risk  on  a  given 
uait.  If  the  risk  is  deeaed  unacceptable,  the  alternative  is  return 
and  disasseably  to  a  point  where  the  transistors  coaditioa  can  be 
^assessed  aad  replaced  if  necessary. 
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caaUKi  poMtr  1a««o  actnatar  clfoHt  1*  tk*  Cmloa  Mtstla.  Hw  fallura  occurrad 
dvrlag  official  toatlnt  uaOar  aftltaa^P  aoraolllaaca.  Satuoaaat  fallura  analytls 
of  tka  circuit  rtowoo  no  auadatad  caeooMonl  fatlaroa.  Ika  davtcaa  wara  protactaO 
wttk  1XCI1  4k  «a1t  aanar  Ouprauara  an#  oparatak  la  aa  aarlraiaunt  OI.J.  pratactak 
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^ftnuatrfc  naafuiwme*  wftk  a  cam  tracer  rorfflod  tfto  lOortad  csnfltioa  In  fitt 
ZWJOI  aaO  dafraCad  join  la  tha  210219.  fMcrmcapIc  tMaiMtlen  u*  i*»e  d1»  turftcu 
raaoalad  oridanca  of  unrera  oaamaatiaf.  rasaUlny  la  a  partial  neUlr.0  at  tne 
PBltUr  contact  arau  (arrou.  n<oto  1).  rartkta  invattipation  rt«caUd  '.ar^e  voids 
bonoaOi  tAa  dico  of  bath  parts  (Pttata  2).  foids  uara  aUo  found  ttntath  the  cpyper 
neat  spraador  buttons. 


uasu 

kaor  tkaraal  coarluetivi  ty  babiaan  tlio  dica  and  hcadars  has  allauad  tha  tanperauire  of 
tho  dico  to  rise  until  dtstructivo  oalttnp  occurrad  in  tha  aaittar  contact  rapions. 

ewtenn  »nio!t; 

Voldtiif  beneath  the  die  bonds  and  cooper  button  bonds  are  datsctad  by  an  SSA  test. 

At  tka  tlaa  of  Mnuftetura,  this  product  v*ts  sar^la  tntad  to  a  3C",  2.5A,  o.5  second 
spodftcatlen.  Tbria  parts  ramsant  randoc*  escapts  that  passtd  custo'ar  tasting.  A 
nw  itaal  paektea  has  bt»n  arplitd  to  this  product  line,  and  its  hiO-ierperitura  craze 
Is  cansistantly  veld* fret.  It  Is  tuTgested  that  these  ncu  style  parts  ta  errloyed 
Momvrr  possiMe.  Or.t  himdred  percent  SK  test  ray  be  <nifP8nterd  with  aa  SJ  specif Icatlon, 
and  a  JAK  earslon  of  this  part  uould  guarantte  etccptlonal  duality. 
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rtmtM  1.  Optical  atcraarapp  of  «rtttar  * 
roploi  of  2MX1  Oartoo.  PonUI  aoltlof 
hu  accarro*.  (4S1) 


zsr 


Z.  l-rojf  ahadoayTopP*  of  M30I  (loft) 
tod  ZNf299  (rlpPt)  die  bonds  (aquaro  raglood). 
Valdi  baneatti  dico  are  aaosualljr  Urpa. 

2MXI  also  has  Isroo  ?o1d  beneath  copper 
bottao  (airav).  (fs) 


F-7/F-8  Blank 


Ill  WilliMiw  RMMToh  CorpofMion 


CMEP  95-4120 
Report  No.  79-106-39 


APPENDIX  G 

OIL  SAMPLE  ANALYSIS  DATA 


This  appendix  contains  oil  sample  analysis  laboratory  reports 
provided  to  WRC  by  AEDC.  This  information  was  used  in  compiling 
Table  3-V  of  this  report. 
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TECHNICAL  SUPPORT  OEPARTMCMT 
CHEMICAL  1  metallurgical  BRANCH 
UBORATORY  SECTION  REPORT 


K.  W.  C.  Cobball  ETF/TT 


RCDort  No.  QOAl-8 


T-5.  a3699B  Oil,  Pra  Mtaalon  Calibration  o»it  Completed  4-2-80  P.S.B. 
821^133  .  Tlaa  -  2200  “  Plaea  -  Engine 

Collaetod  4-1-80  ,  Total  Run  Tlaa  ~  ~~~  wn.k  auik.  E4H-18C 


Pete  !■  4-2-80 


Work  AuUi. . 
Date  Out. 


-IzIrflO. 


H.  Ivy,  Jr.  and  P.  S.  Byroa 


‘  laatmeUaDa: 

Sataiaina  UaaC  Matala  by  Atonic  Absorption  and  Eniaalon  Spac.;  also, 
Spaclfle  Gravity  at  75®P. 


A1  - 

N.D. 

Ti 

-  N.D 

Fa  - 

N.O. 

Cu 

-  N.D 

SI  - 

H.D. 

M« 

“  N.D 

Cr  - 

N.D. 

Sn 

-  N.D, 

N1  - 

0.2 

Pb 

'  0.3 

*8  - 

N.D. 

Specific  gravity  (»75®r.  -  0.969. 


Ott.  ©2.3 -C  otM  4-i-SO 

va.i  WoT-OAtX  VA\-!.-!u»Ova.._CAt.lft«>V.T10rA  Tio  PA . 

V4<rr  -t.ijifc  O'-!  ^uPce.  s 


-  Not  Detected. 

-  Results  expressed  in  ppn, 

-  Results  phoned  in  4-2-80 


Raaiaiks:  H.D. 

A.  A. 

A.A. 

Enission  Spec,  results  attached. 


_Tirae  1430  lirs.  To._Cobbcll 


.  t  Mjeteat ' 
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TICHHICAL  iUrPORT  DfRARTMCNT  S*crdrfp|«M  ■- 

CHCWCAL*  Mf  TALLUaCICAL  ■RANCH 

SEM  ENERCY  DISPERSIVE  X-RAY  AND  SPECTROCRAPHIC  ANALYSIS  REPORT 

I 

Smplt  Ho.  _ _  DMC  In _ 4-2-80 _ 

PUw  No. 23iM _  Date  Oui _ 5-7-60 _ 

SubfflltttO  By  W.  C.  Cobbell _ 611777 _  Work  Auihonzaiion  E41I-18C _ _ _ _ 

r]  '  0  SITCTnoCII.MMI 

SoApI*  Dcachoiion  23699  011  T-5  -  Pro-Mission  Calibration  (Engine^ 

MaUiod  of  Analysis  with  a  Slairment  of  Accuracy: 

Quantitative _  Semi-Quantitative  ■»10-30I _  Qualitative  _ 


G-3 


WWWim  CorporMton 


CMEP  95-4120 
Report  No.  79-106-39 


TECHNICAL  SUPPORT  DEPARTMENT 
CHEMICAL  1  METALLURGICAL  ERANCH 
UMRATORY  SECTION  REPORT 


W.  C.  Gobball  EtF/TT 


MMcrial  T-S.  23699B  Oil.  Pot  Hot  Dry  Ml»»lon 
>V"M  ttm  828-113  >  Tima  -  2230  .  flaca  -  Englna 
Collactad  4-12-80  .  Total  Run  Tt«a  -  7 _ 


4-14-80 _ 

H.  Ivy.  Jr.  and  P.  S.  Byro« 


Rwort  No.  0043-109 

4 

Dalt  ComolotMl  4-14-80 
Woik  AuUi.  E411-18C 

Oatt  Out _ 5-8-80 _ 


4/28  P.S.B. 


kaUaeUaaa: 


Satanlna  Haat  Matals  by  Atoalc  Absorpcioo  and  Ealstlon  Spae. ;  alao, 
Spaelfle  Gravity  at  75®r. 


Raaalla: 

€ 


*l 

- 

0.7 

T1 

-  H.O, 

7a 

- 

1.6 

Cu 

-  0.1 

SI 

- 

H.O. 

M8 

-  H.O, 

Cr 

- 

0.2 

So 

-  H.O, 

R1 

- 

N.D. 

Pb 

-  H.O. 

Ag 

- 

H.O. 

'  Spaclflc  gravity  9  75®r  »  0.969. 

Di«-  'OiRAivtc.o  S^-S-t  Oivl  4-r2-6o 

V4crt-OA.W  SHR.,|\  vA»h  HaTTiWe. 


H.O.  -  Hot  Daceetad. 

A.A.  -  Raaulca  axpreaaad  In  ppm. 

A.A.  -  Raaulta  phonad  In  4-14-80  Tina  1435  hrs.  To  Mitchell. 


Eslaalon  Spae.  raaulta  attached. 
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Williams  Rassarch  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


TECHNICAL  SUPPORT  DEPARTMENT 
CHEMICAL  4  metallurgical  RRANCN 


SEN  EHERCY  DISPERSIVE  X-RAY  AND 


SPECTROCRAPHIC  ANALYSIS  REPORT 


Smardnrp  |*W  i»t 


SMipl4  NOa  ... 

riAAi.ir»o 

—  Dole  In 

«-l«-80 _ 

Pltlt  No. 

-  Date  Out  - 

Jbfbflfl _ 

Suliniltttd  Bv 

U  r  fte^KKAll  TTV/TT 

Worit  Author!  ZAlIon  _ 

E41I-18C _ 

aMslMHSaaVvf  0^  m 

□  SEM 

(in  SPLCTIIOCnAPII 

Sample  DatcrlpUoa - - - - 

MaUiod  of  Analysis  with  a  Staiemml  of  Accuracy; 

Quancllatlve  Semi-Quantitative _ ‘t  10~30t _  Qualitative 


1  —  Mlcropiams/Qram  5  —  ZAF  —  SEM  Analysts 

2  -  Percrniase  6  -  ML  -  SEM  Analysis 

3  -  ND  -  Not  Dctpctrd 

t  -  LCD  -  Lower  LImll.nr  neterrihiiltv _ _ 


D.  W.  Baker 


r 


III 


WilKanw  RMMrch  Corpomion 


CMEP  95-4120 
Report  No.  79-106-39 


(  *  .  TECHNICAL  SUPPORT  DEPARTMENT 

,  LABORATORY  SECTION  REPORT 


Hr^>*<4i-il  b.*  - 

Wali-iiiil  RNhwIlliHl 


U.  C.  Gobball.  ETF/TT 

Cold  Day  Mission 

T-S  .  Ogjfcg  Oil.  Post  Run  < 


Engine  S/N  >28-119,  Time  -  0030  .-Piece  Eneina 
Collected.  -  A/iyaO  ^  Tntal  Run  Time  -  - 


Report  NO.  00^3-147 _ 

Date  CiMnpletrd  ^/16/80  4/28  PSB 


IViirli  AiiUi. 


E41I-18C 


b«Mr  la  4/16/80 


Dale  Out 


5/5/80 


a,  Herisen  Ivy.  Jr.  6  P.  S.  Bvroe 


BiMiiarlliinit: 

I  Determine  Wear  Metals  by  Atomic  Absorption. 

Total  acid  nuabor.  ag  ROH  par  graa  sampla. 


Id 


A1  - 

N.O. 

Ti  -  M.n 

Fe  - 

0,4 

Cu  -  0.1 

Si  - 

K.D. 

Mg  -  S.D, 

Cr  - 

0.1 

Sn  -  ».D. 

Ni  • 

N^D. 

Fb  -  N.D, 

Ag  - 

0.04 

Spaciflc  gravity  0  75®F  -  0.971 


Results  expressed  in  ppm. 


Phoned  in  4/16/80  Time  1055  hrs.  To  Mitchell 


I 

P 
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William*  Raaaarch  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


1TICMMICAL  lOPrOtT  OfP*«TMtHT 
CNCMICAk  *  Mf  TALUURCICAL  BRANCH 

$EM  ENERCY  DISPERSIVE  X-RAY  AND  SPECTROCRAPHIC  ANALYSIS  REPORT 

©  00A3-147  4/16/80 

I  smpl*  NO - -  D*ie  In - rfSTSO - 

'■  PIBIO  No.  - - - — -  OMO  Out - ^ - - - 

SuMlUxI  By  W.  C.  Cobbell.  RTF/TT _  Work  Authorizaiiun 


B—rdmpjA’P 


Q  SEN  .  SPECTMOCRAPH 

Sanpl*  DotcripUoo  23699B  (7808C)  oil  T5  -  Cold  Day  Mission  -  Container  11828-119 
MtUiod  of  Analyilf  with  t  Slaicmmt  of  Accuracy: 

Quantltaliva  _ _  S«ini-QuanOtativ»  —  1-0~30X _  Qualiiativr  _ 


1  —  MIeracraina/Cram  $  — 

2  —  Prrernta**  •  S  — 

3  -  NO  —  Not  Detected 

4  -  LLO  -  Lower  Limit  of  OetcctIblllly 


i  -  ZAP  -  SEM  Analysis 
S  —  ML  —  SEM  Analysis 


D.  U.  Bnker 
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WilliMw  RMMTch  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


TECHMICAL  SUPPORT  DEPARTMENT 


LABORATORY  SECTION  REPORT 

W.  C.  Gobbell,  ETF/TT 


0043-156 


c 

.  ..  "•  MDOeXl,  Lir/ll  B..nnrl  Mo 

tiMlurim^l  !•.*  _ — -  Hrpon  HO. 

_  ,  Mission 

l..i..f.ul  ■  7B0B-*g  Oil.  Po«t  Run  # Caltbrstlom..r  complriod  4/17/80  JiJJSm. 

!ngine  S/N  Time  -  .  Place^np^"* 

iQllected.  -  */l°/8»  ^  Biin  Timi»  -  lV,„k  Aiilh. . 


E41I-18C 


'Kic  In  . 


4/17/80 


Herman  Ivy,  Jr.  6  p.  s.  Bvtosi 


DsiP  Oul . 


5/5/80 


iMimi'liiNiM: 

Determine  Wear  Metals  by  Atomic  Absorption. 


(•hiiHk. 

A1  - 

N.D. 

Ti  -N.D 

• 

Fe  - 

0.2 

Cu  -N.D 

Si  - 

H.D. 

Mg  -N.D 

Cr  - 

H.D. 

Sn  -N.D 

Ni  - 

N.D. 

Pb  -0.1 

A*  - 

N.D. 

Specific  gravity  9  75®F  -  0.971 

OlS.  T^vtXvL  "^iZovA 

4-l&*8o  eo«-uou»>H4%JPB«T-CoL.»  'OPC<  VAs^'S^Ova  CMwVW2.ktvov*. 


William*  Raaaarch  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


*  TICHMICAL  SUPPORT  OtPARTMCNT  Sirardni|s|**oj~ 

CHIMICAL  *  MCTALLURCICAL  eRANCM 


SEM  ENERCT  DISPERSIVE  X-RAY  AND  SPECTROCRAPHIC  ANALYSIS  REPORr 


SORPlt  No. 

0043-156 

Plat*  No. 

53TCT 

Subnlttrd  By  _ 

U.  C.  Gobball,  ETF/TT 

Due  In  _ 

One  Out  . 


4/17/80 

5/5/80 


Work  Authorization 


E41I-18C 


r~l  SEM  •  Q  .<:rEf:THfv;iiAl*ll 

Sainpl*  Octcrtpllon  23699  oil  T5  Poat  Mjaslon  Calibration.  Container  <^828-122 


Mttho^  of  Anilyais  with  a  Statement  of  Accuracjr: 

QuantitaUvo  -  -  Seni^Quantltacive  —  ^0"30X  Qualitative 


RrruIU 

Saffplt 

No. 

Sample 

No. 

Sample 

No. 

Sample 

No. 

Sample 

No. 

Sample 

No. 

Sample 

No. 

A* 

0.03 

A1 

IHHHHH 

HHIHil 

1  IHHHHH 

IHHHHI 

Ba 

Jt _ 

■■■■■■ 

■mmbh 

■mhih 

HH^^^H 

HHHI^H 

^H^HHH 

IHH^^Hl 

c» 

CD 

cd 

W!^m 

HH^H^H 

HHHHH 

HHHHHI 

H^H^^H 

Wffmm 

HHHHH 

hhhhh 

'HH^HIH 

HHHH^H 

I^HHHHH 

^mhhhh 

Cr 

0.03 

- 1 

Ca 

0.03 

P* 

0.3 

HHIHlHi 

HHHHHI 

HH^HHH 

HHHHH 

MHHHHi 

_ 

IHEHHHi 

HHIHIB 

HHHII^H 

HHH^HB 

HHHHH 

mhhhh 

I^H— Hi 

HHl^HH 

IHHHHi 

HHHHH 

mhhhh 

hhhhhh 

■■■■■■ 

hh 

HHHHH 

HHHHH 

HHHHH 

IHHHHi 

^^nmn 

HHHIHI 

^MHH^i 

^H^HHB 

HHHHH 

hhhhhh 

BHMHHil 

HHIHiHi 

i^HI^^HI 

HHH^H 

^HHHH 

HHHH^i 

^mhhhh 

Nl 

HHHB^H 

^^HHHB 

HHHHH 

HHH^^H 

mhhhh 

HHHIHi 

HI^^HHB 

IHHHHH 

HI^HHIH 

bbmhhh 

fc— 

HHHBH 

HH^HH 

HI^^^HI 

^HHHHH 

H^H^^H 

I^HH^H 

HHHHH 

i^HHHI 

H^HHHH 

SI 

HHHHI 

HHH^H^i 

HIHHH 

m^^hhh 

I^^HH^H' 

HHHHH 

So 

- 

•n 

- 

K39HHi 

HHIHHI 

HHH^^H 

H^^HHH 

HH^HHHI 

IMH^HH 

Pb 

IHHHBH 

HHHHH 

HHHHH' 

HHHHHI 

HH^^H^I' 

iHHHHHI 

h^mhhi 

■■hIi 

—MW 

IH— i^H' 

^HHiiHHii 

HHHHHI 

Hi^^^HHHH^HI 

RrruIcs  expressed  ns  ddiu 

1  A 

RHHH^H 

HiHHHHHHHi^H^HHHHHHi 

_  _  __  1: _ •  •  1 _ 

LH^^HH 

HHHHHHHHH^HHHHHHH 

^^^^^HHHBHi^HHi ^^HHHH 

-Up. - »'■  ■  J 

•  .V 


1  Mlcrocraflia/Gram  5  •  ZAP  -  SEM  Analysis 

2  ~  Pefcc*nta|tc  *  6  ~  ML  »  SEM  Analysis 

3  -  MD  -  Not  Ortrcird 

4  —  L^O  ~  Lower  Limit  of  Octvctibiitly 


D.  W.  Baker 


i 


G-9/G-IO  Blank 


